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Ground Water Replenishment 


Surface Water Diffusion 

By Roswell M. Roper cal 

HIS pai paper will seek to answer three questions: first, why ground 

water replenishment; second, how can it be effected; and third, 

what is its relation to the future of water conservation and water 
spreading? 

For the answer to the first question, we must go back very briefly 
for hundreds of thousands of years and then build up to the present 
conditions. The last glacial area on the North American Continent 
included the Cordilleran, Keewatin and Laborador centers. During 
the glacial period, the ice cap penetrated in a southerly direction until 
the melting effect of the sun offset the forward advance of the ice and 
caused a temporary stalemate along what is commonly known as 
the terminal moraine which extends roughly through Long Island, 
thence through Perth Amboy, Summit and Belvidere, New Jersey, 


A paper presented at the New Jersey Section meeting, Asbury Park, N. J 
October 21, 1938, by Roswell M. Roper, Eng. and Gen. Mgr., Water Dept., 
East Orange, N. J. 

Epitor’s Notg. The development described in this paper is known lo- 
cally as the Meeker Intake, the name Meeker being derived from the name 
of the former owner of the property. a 
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and then across the various northern states to terminate on the Pacific 

Coast in Washington. 

Concurrently with this southerly movement of ice and because of it, 
there occurred the gouging out of valleys and, the smoothing off in 
the eastern part of the United States of the northwesterly side of 
mountain ranges, leaving what are now known as glacial scratches. 
At the same time, this movement left the easterly and southeasterly 
sides of the mountains abrupt as they had been before the glacial 
period. 

During the recession of the ice and its gradual melting, there was 

formed in New Jersey what is termed Lake Passaic. In other states 
north of the terminal moraine innumerable lakes were formed. 
Minnesota has over one thousand. While this recession was going 
on and the melting processes were taking place, the millions of tons 
of sand and gravel picked up by the glacier in its southerly drift 
were deposited in the eroded valleys, thus leaving what today is the 
source of water supply of millions of people, part of the rainfall having 
percolated down into these sand and gravel layers deposited by the 
glaciers. 

This glaciated area was inadvertently brought to the attention of 
United States Engineers for the first time by the survey of 1769 
which revealed that the terminal moraine extended from Long Island 
through Perth Amboy and thence to Belvidere, New Jersey. 


Artesian Wells Long Supplied Water 

To illustrate what has happened in general, the case of New Jersey 
may well be cited. As the population spread west from the Hudson 
River and suitable surface supplies were not available, wells were 
drilled into these glacial deposits. In many instances, artesian wells 
were developed because of the higher areas of intake of water. Such 
a condition existed in the Canoe Brook valley on the East Orange 
water reserve. In this area, wells were drilled about 35 years ago, 
penetrating the sands and gravels deposited by the glaciers against 
the westerly wall of the columnar basalt which forms the westerly 
side of what is known as the second Orange mountain in the 
Watchung Range. These wells were of the artesian type and fur- 
nished water to the City of East Orange under their normal flow for 
many years, this flow being augmented occasionally by the use of a 
centrifugal pump. 

As time went on and gradually a larger demand for water occurred, 
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three additional groups of wells were added in other valleys. At that 
time, a neighboring water utility, whose lands joined ours on the 
south and whose pumping was almost double that of East Orange, 
felt the need of, and installed more wells. Following this up later, 
this utility built a seven hundred million gallon reservoir for surface 
water to be mixed with the well water. 

Realizing that a knowledge of the fluctuation of the underground 
water table was essential in making a study of operating conditions 
and also to make corrective measures possible where necessary, the 
writer has had readings taken for the last twenty-five years on a series 
of about 35 wells, some being driven test wells and some dug wells. 


These readings were taken at intervals of not over one month so that 
we now have on record a complete story of what has actually taken 
place with relation to underground water elevations in the last 
twenty-five years. 

Originally the water reserve was largely farm land and the per- 
centage of the rainfall which ran off was quite heavy. 


Forestation Program Undertaken in 1922 


Some sixteen years ago, to hold back this quick run-off, the city 
officials of East Orange agreed to a forestation program for the are 
about Canoe Brook which is a torrential stream. From that time 
on, over one hundred thousand trees were planted each year, mostly 
red pine and norway spruce, so that today, instead of plowed ground 
which has a quick run-off, we have over one and one-half million 
rapidly growing trees, some of which are eighteen to twenty feet high 
and around whose roots has developed a mulch of needles and twigs 
in some cases several inches deep. This carpet of wooded areas 
absorbs and holds back much water that would otherwise be run off. 

Even in the dry summer months, by scratching the needles off to a 
depth of one or two inches, this moist mulch is found. This gradually 
benefited the underground water conditions but did not accomplish 
completely the desired results, therefore, the Meeker Intake, a water 
spreading device had its inception. The name “Meeker’’ relates to 
the former owner of the area on which the East Orange development 
was made. Hereinafter the term “Intake” will be used to desig- 
nate it. 

Now, the second question: “How can it be effected?” can be dem- 
onstrated by reference to the installation at East Orange. 

By referring to fig. 1, the general location can be seen on the water 


7 
# 
a 
a A as 
4 . 
- 
> 
ee 
} 
= 6 
| 


ROSWELL M. ROPER [J. A. W. W. &, 


reserve which is about seven or eight miles west of East Orange. 
Figure 2 shows the Intake area. Figure 3 shows the cross section 
of the strata along the line A-B as shown in fig. 2, this line running 
approximately across the valleys from Braidburn to Canoe Brook. 
In fig. 4 is shown a geological cross section along the line C-D shown 
on fig. 2, this line being in the valley of Canoe Brook, approximately 
at right angles to the line A-B. 

Figure 3, referred to above, gives a cross section of all underground 
conditions found in various series of wells drilled over a period of more 
than thirty-five years. The two main water-bearing strata are shown 
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Fic. 3. Geological Cross Section along Line A-B in fig. 2 


quite prominently as sand and gravel. The Braidburn and Dickinson 
wells have been drilled in the westerly section where are some wells 
which yield as high as three million gallons per day with very little 
draw-down. They are in the pre-glacial Hudson River valley. 

Dr. Kummel, former State Geologist, once described the pre- 
glacial course of the Hudson to the writer in a conversation. Dr. 
Kummel said the old course of the Hudson River swung to the south- 
west, after passing through the Highlands of New York, crossing 
what is now the west bank of the Hudson near Piermont and con- 
tinuing in a southwesterly direction, passing north of Patterson and 
Garret mountain, then around by Mountain View, Pine Brook, Riker 
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Hill and finally coming through what is known as the old Short Hills 
Gap lying between Washington Rock in Millburn and the Height of 
Land at Summit. 

The pre-glacial Hudson River continued in this course, wearing 
down the stream bed until it reached the elevation of the basalt 
formation, otherwise known as trap rock, this being the northernly 
end of the Palisades. The trap, as you know, offers great resistance 
to erosion. On the other hand, the rock near Piermont, in what is 
now the course of the Hudson, was very much softer and as a result 
during big floods, gradually wore away, leaving the lip of trap rock 
perched up on the westerly bank at an elevation of 180 feet above sea- 
level so that gradually over a long period of years, the complete flow 
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Fic. 4. Geological Cross Section Along Line C—D in Fig. 2 ; 


finally found its way through the present channel along the easterly 5 
base of the Palisades. a 
The elevations of bedrock at Piermont and.then around through its 


southwesterly course, ending at the Short Hills Gap where the eleva- 
tion of bedrock is practically at sea-level or below, established a good 
hydraulic grade for the flow of water. Much of the water, derived — 
from glacial till back of the first mountains and supplying water to. 
at least ten municipalities, comes as a result of this old course of the 
Hudson being filled with glacial deposits of sand and gravel overlaid 
by clay, hardpan and loam. 


The main valley of interest here is Canoe Brook shown in the right 
half of fig. 3. On fig. 4, which is along the line C-B, it will be noted 
that along the surface of the ground are indicated the Pumping 
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Station, Parsonage Hill Road, Canoe Brook wells, Baldwin’s Pond, 
South Orange Avenue, the Intake, Hobart Gap Road, water spread- 
ing areas and Northfield Road. The sand and gravel formation 
shown at the right of fig. 3 is the same as shown at the left of fig. 4, 
into which the Canoe Brook wells have been driven. Test wells 
in this valley have developed a record of the water-bearing lenses of 
the sand and gravel layers, extending northeasterly up the valley and 


Fic. 5. Meeker Dam on Canoe Brook 


- out-cropping at the places indicated in fig. 4. Water spreading has 
been used to bring back, and then maintain as nearly as possible, the 
groundwater level which existed before the heavy draft was made 
upon it. 

For one method of water spreading, the Meeker dam on Canoe 
Brook was built (fig. 5). This dam raised the water sufficiently to 
allow it to flow through a diversion channel and cross high ground to 
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Half of Brook Flow Is Absorbed 
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the east, for location of which see fig. 2. Figure 6 illustrates this : 
diversion channel with the rip-rapping to prevent bank cutting. 
Similar in construction to the diversion channel is a by-pass designed 
to meet the emergency in the event that the water level in the Intake 
itself should become too high for safety. 

After leaving this diversion channel, the water spreads out in what 
we have termed the major Intake (fig. 7), which consists of flooded 
and very porous lands, mainly of sand and coarse gravel over-laid 
by a very light top soil. In this area of about eleven or twelve acres, 
by weir measurements over two million gallons per day have been 
absorbed over long periods. 
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To augment this area of percolation, the Vreeland, Skiff, Butler 
and Day brooks, as well as Bear Creek, have been dammed up, 
and the water diverted through channels which follow roughly the 
contour of the land, in order that the water not have too much 
velocity. Two sand and gravel areas are shown as outdrops in fig. 

4 and illustrated by fig. 8. The different types of spreading trenches 
and basins depending upon the absorptiveness of the terrain are 
shown in fig. 9. Over one-half the flow of the brooks and approxi- 
mately one-third of the flow of the creek are now being absorbed. 

As silt eventually defeats the purpose of water spreading, it is 
very advisable to allow only clear water to enter diversion ditches and 
percolating basins. With this in mind and after having read reports 
of the difficulties encountered and the sealing up of various percolat-_ 
ing areas throughout the country, the writer has designed an auto-_ 
matic flood control gate which the weight of water will release when 
the water comes to a predetermined level. This level is figured to _ 
be the point where the flood conditions will cause pick-up of sufficient 
silt to injure the water absorbing areas. Both the general design and = 
type of these flood control gates are shown in fig. 9. ) 

One feature of this type of gate is that it can be used singly on a 
narrow stream or in batteries of three to five or even one hundred 
on broad shallow rivers. To prevent a sudden flood on a broad 
stream, alternate batteries of gates can be set to operate at increasing 
levels so as to obviate the difficulty experienced in the past when a 
large volume was released at one time. One thing to bear in mind is 
that the supporting frame work, carrying the cross rod F, should be 
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made high enough so that the gate when released will ride easily on 
the flood and not at any time be submerged. 

Now, what is the relation of the Intake to the future of water con- 
servation and water spreading? ee - 

Various articles dealing with many phases of water spreading in 
different parts of the country and over a wide variety of conditions a. 
have come to the writer’s attention. The most complete résumé is _ 
by A. M. Michelson and Dean C. Muckel (1). Other good articles 


Fic. 7. The Major Intake 


are those by D. A. Lane (2), F. H. Tibbetts (3) and O. E. Meinzer 
(4). Having cited these references, the writer will not duplicate the 
general phases covered by them. 

Primarily, the Intake was conceived as part of a water conserva-— 
tion project to extend over a period of more than fifteen years of — 
consistent reforestation. The project for augmenting the under- 
ground supply through water spreading started about two years ago 
and the Intake has been in operation a little over a year. 

To show what its relation to the future of water conservation and 
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has already 
been accomplished in this one small valley, something which can be 
duplicated in thousands of other similar small valleys all over the 
country. 

At the Canoe Brook north well (fig. 4) and prior to the Intake’s 
being put into operation, 1,750,000 gallons of water was developed 
with a draw-down of fifty-four feet. Since the Intake has been func- 
tioning, a total of 2,300,000 gallons per day was drawn with the same 
horsepower motor using a draw-down which consistently remains at 
about twenty-two feet. In other words, the groundwater level in 
this area, in spite of the fact that over one-half million gallons per day 
extra has been diverted, has been raised and held at thirty feet above 
the old operating level. 

Information furnished through the courtesy of H. G. Barksdale, 
Assistant Hydraulic Engineer of the United States Geological Survey, 
shows a significant condition. .Charts were taken by the Geological 
Survey from recording test gages on a neutral zone well, located at 
the boundary line between the property of the Commonwealth 
Water Company and the City of East Orange at a point close to the 
letter C of the line C-D referred to previously in fig. 2. The effect 
at this point, which is two miles from the Intake, is very significant, 
particularly in view of the fact that an extra half-million gallons per 
day is being diverted one mile up stream in the same valley at the 
north Canoe Brook well. According to Geological Survey charts, 
in the early part of May, 1935, the water level in this area was at 
least 10 feet lower on the average than in May of 1988, this after the 
Intake had been in operation approximately one year. 

I have come to the conclusion that few of us, who are hydraulic 
engineers and others interested in underground water supplies, 


water spreading can be, is to observe and discuss what 


realize the present double danger to the continuance of an under- 
ground supply adequate to meet the fast growing demands, particu- 
larly in the areas south of the terminal moraine. The forests have 
been cut off, the buffalo grass of the western plains has in a large 
measure been destroyed. More and more erosion, both by water and 
wind, is taking from the surface the former mulch of the woodland 
area and the soil which was under grass roots of the plains and which 
tended to absorb and hold back the swift run-off which is now doing 
so much damage. 

Reforestation has been in progress for a greater number of years 
than most people realize. As an illustration, there has been one 
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agency at work for over 56 years (the American Forestry Association) 
which has consistently fought on the side of conversation and re- 
habilitation of the forests, backed by many conserv: 


organization is doing a worth while job. 


itionists. This 
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Fic. 9. Automatic FLoop ContTROL GATE 
Gate is designed to prevent silting in water spreading and 


downstream from diversion trenches at junction of stream and trenches. 
Operation: Under normal conditions water flows clear and is at about the 
level of H. Under flood conditions water carries heavy silt which will clog 
surface of absorptive sands and gravel. When flood level reaches height of 
pipe A, water flows through A and fills B to a point where weight acting on 
fulcrum C will raise rod D from latch E and the flood gate G will ride the flood. 
The flood gate is hinged at F-F!, and on small flood gates the ordinary garage 
door latch heavily oiled or loaded with #10 auto oil can be used because it 


cannot operate unless water flows. 


After flood subsides and water clears, gate G is reset by operator and water 
resumes its flow into absorptive sands and gravel. Note that B is to operate 
release of D from E when B is 2/3 full, giving 50 per cent extra pressure if full. 
Spacing of KC and CL is dependent on operating weight necessary in B. 


is to be installed 
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Increasing demand is being made on the underground reservoirs 
either without a realization of the dangers of a continued lowering of 
the underground levels of water or under a short-sighted, “get it 
while you can” policy so prevalent during the destruction of our 
forests. 

This will lead to millions and millions of dollars being expended for — 
more powerful pumps to draw from deeper levels, unless ground water — 
replenishment is more widely practiced. 
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Discussion by S. K. Knox.* The East Orange conception is not 
entirely new. Rather, it is an interesting variant of an old idea 
which, by avoiding faults that have been known to lead to failure or 
impermanence in the past, gives promise of success. The basic idea 
underlying this and other schemes which have been tried, is to cause 
the ground to absorb a part of the water which normally would 
escape as surface run-off, thus increasing the natural percolation which 
is the source of water supply for wells. 

The idea has its prototype in the old large diameter curb wells 
located adjacent to ponds or streams and in the infiltration galleries 
and lines of shallow driven wells skirting their shores. Pumping 
water on to the surface of a well field from a stream in the same or in an 
adjoining watershed has been tried at Princeton and Perth Amboy 
and possibly at other points besides East Orange in New Jersey. 
Artificial reservoirs created on streams within the field, at points 
where the soil is absorptive, exist at Perth Amboy and many other 
places nearby, notably in southern Long Island. Forestation to 
retard surface run-off is becoming common. All these various ex- 
pedients, as applied to well systems, have the same object in view, 
namely, by artificial means to increase natural percolation at the 
expense of run-off. 


Records and Surveys Are Extensive 


That there must be some beneficial effects from surface flooding or 
pondage on an absorptive area tributary to wells appears fairly 
obvious from the nature of the case. All water, both surface and 
underground, that is available for water supply has its source in rain 
or snow which has fallen previously upon a specific area. In New 
Jersey the bounds of the underground catchment area frequently may 
be defined with some accuracy, thanks to the extensive researches and 
illuminating publications of the State Geological Survey. 

The precipitation also is of record, at some places for a period of 
many years. It may range between 30 and 60 inches and average 45 
inches per year or a little more. A fairly constant amount of perhaps 
17 inches per year will be lost in evaporation and transpiration from 
plants. Of the balance of about 13 inches in a very dry year and 28 
inches in an average year, a part will escape in surface streams. The 


* Consulting Engineer, New York City. 
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remainder will be absorbed by the soil and become available as sal 
underground water supply. 
Where good local surface run-off records are available, as they 
sometimes are, the amount of natural percolation under varying 
conditions of rainfall may be approximated with reasonable con- 
fidence by simple subtraction. The natural division between per- 
colation and run-off may vary widely in areas not far apart, de- 
pending chiefly upon geologic structure, but there are few areas so 
receptive that some surface run-off will not occur at some time in | 
the driest of years. Some rains will be too intense for immediate 
absorption. At other times the ground may be frozen and un- — 
absorptive, so that some water will escape. : 
If, before it has passed out of the watershed, this surface flow can 
be arrested and reapplied to the surface under more favorable condi- — 
tions of absorption, it is inevitable that some benefit must accrue. 
The big question is how much and will the benefit be permanent = 
merely temporary. That is the form in which, usually, the problem | 
is presented to the engineer and on these points statistical data drawn — 
from the analysis of specific cases are woefully lacking. = 
When there are more of such data we may better be able, by reason- ,¥ 
ing from analogy, to arrive at satisfying conclusions in considering 
new projects. As it is, judgments must be based largely upon theo- — 
retical considerations which are open to dispute and doubt. Since — 
the source of aid in all cases is water which normally would escape as | 
surface run-off, the amount of run-off fixes an upper limit to possible 
benefits. When an underground catchment area has absorbed all of y 
the rain which does not evaporate, it has absorbed all there is and 
there isn’t any more. On some sheds the possible increase may be 
little in a dry or dry series of years, due to the exceptional and natural — 


absorptive quality of the soil. 
Permanence of Water Diffusion Considered 


As to the probable permanence of the benefits, it is known from — 
reason and experience: (1) that rain, being practically distilled water, — = 
does not in itself tend to clog the pores of the soil on which it falls; c 
(2) that, on the other hand, natural and slow sand filters clog in time, 7 
even when the surface waters applied to them appear clear; that to | 
be kept free they are scraped and the sand cleaned at intervals, a — 
procedure which is difficult or impracticable in permanently flooded 
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areas or ponds; (3) that the higher is the turbidity of the applied 
waters, the more rapid will be the clogging; (4) that an area which is 
flooded intermittently, and with waters of which the turbidity may 
in a measure be controlled, by selection of the times of flooding, will 
clog less rapidly than permanently flooded areas or ponds. 

The question of the extent and probable permanence of benefits 
likely to follow the adoption of one or another of the available ex- 
pedients is not one of merely scientific or academic interest. 

Specific cases arise in which the ability to form a dependable 
judgment in advance may be of great practical importance. I will 
cite one instance from personal experience in this state. During the 
present year a group of industrial companies planned a large well 
development adjacent to a good sized river in Middlesex County. 
The plan includes eight wells to be driven along the shore of a pond 
to be created by a low dam across the river. The wells will take water 
from the sands of the Raritan Formation from which Asbury Park, 
Camden, Perth Amboy and other municipalities also draw their 
supplies. They will be equipped with deep well pumps. The 
volume of pumpage is to be 6 million gallons per day immediately 


and 9 m.g.d. within five years. oon a 


Natural Infiltration to Supply 2 to 6 m.g.d. 


The natural safe yield of the field tributary to the wells is but 3 to 
4 m.g.d. This figure is based on a careful estimate from unusually 
complete and reliable data and is not disputed. But the companies 
claim that the additional 2 to 6 m.g.d. will be obtained by natural 
infiltration of surface water from the pond to the wells. 

Should this expectation fail to be realized or should first benefits 
prove impermanent, one of two things must occur: (1) If pumpage is 
reduced to fit the safe yield, the companies will have an overbuilt 
plant and a rather heavy, idle capital investment. (2) If the pump- 
ing rates are not reduced, the development will imperil an old estab- 
lished municipal water supply of similarly large capacity which takes 
water from the same sand in adjacent fields. With their deep well 
pumps and location further down the stratum, the industries will 
possess the power to dewater the municipal well field. 

That substantial benefits from flooding, either intermittently or 
continuously as from ponds, are likely to be felt at first, admits of 
little doubt. Of this there is some factual evidence of which I shall 
cite one instance from personal experience in this state. . 


5 
& 
a 
a 
ig 
| 
> a 
| 0 
= | 


VOL. 31, NO. GROUND WATER REPLENISHING 


The original well field of the Princeton Water Company lies ad- 
jacent to Stony Brook, a good sized stream which enters the head of 
Carnegie Lake from the west. The wells are in rock of the Stockton 
Formation, which at that point has an overburden (possibly 25 feet 
in thickness) of gravel, sand and silt. During the exceptionally dry 
fall of 1923, the field was flooded at intervals by pumping from Stony 
Brook. Flood water appeared in the wells after a lag of 5 to 10 days 
and, temporarily, increased the yield by 25 per cent. There are no 
data on permanence. It was felt that the frequently turbid waters 
of Stony Brook would soon clog the pores and reduce benefits. So 
an additional supply was developed elsewhere, which made the con- 
tinuance of flooding on the old field unnecessary. 

The best indication as to probable permanence encountered in my 
personal experience was at Perth Amboy in the spring of this year. 
The results proved surprising to me and are perhaps significant of 
what may be looked for elsewhere under similar conditions. Perth 
Amboy obtains the greater part of its water supply of 6 to 7 m.g.d. 
from wells in the Tennent Brook watershed. The area tributary to 
the wells is about 93 square miles. The sand from which the supply 
is taken is relatively coarse. 

An artificial pond about 55 acres in extent has existed on the shed 
for many years. Some of the lines of wells parallel and even cross it. 
The pond is located in the outcrop of the water bearing sand near the 
pumping station. Tennent Brook, on which the pond is located, is a 
relatively clear stream although a clay outcrop of about 2.5 square 
miles in the upper reaches of the shed makes it slightly turbid at times. — 
Were it not for that, the conditions for maximum benefits from 
pondage and for their permanence would be considered ideal. 


Benefits of Pondage Held Negligible 


The data from which to calculate the effects of pondage were | 
unusually good. They included actual gagings of the rainfall and : 
run-off on the particular shed, in an exceptionally dry year, from 
which the natural underground yield in that year could be computed; 
the actual pumpage, which in that year was nearly equivalent to the 
natural yield; daily fluctuations of the groundwater table and in the 
level of water in the pond, ete. Although the results were not wholly 
conclusive because of a few weaknesses in the data, the conclusion 
appeared inevitable that the benefits of pondage in that water year 
of 1935 were negligible—this in spite of the fact that these benefits had 
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been believed to be substantial in the past. I can account for the 
unexpected result only upon the theory of gradual clogging of the 
pores in the pond over a long period which caused it in time to become 
in effect “perched” above the water table. 

This citation of specific cases would be more or less pointless if they 
failed to suggest faults in method which have led to failure or lack of 
complete success in the past and means by which better or the best 
results are likely to be achieved in the future. The natural yield of 
underground water sources of good quality may be 50 to 100 per cent 
greater in an average year than in the 3 to 5 driest consecutive years, 
Normally, the need of supplementing the natural yield by artificial 
means is therefore a dry weather and hence an occasional problem. 
This suggests definitely that measures which admit of intermittent 
surface flooding, at times of need only, will produce better or at least 
more permanent benefits than continuous flooding or the construction 
of permanent ponds on the well field. 


i Success of East Orange Project Predicted 

Not only should such an adaptation of irrigation methods be 
effective in supplying deficiencies in natural yield when these are 
acute, but by making it possible to avoid the application of flood 
waters when they are turbid, and likely to clog pores, it should con- 
tribute to the permanence of the remedy. Mr. Roper’s scheme ap- 
pears to accomplish just these things. So far as can be judged at this 
time it offers every promise of real and enduring success. And there 
are other important well areas in New Jersey where the procedure, 
or a modification of it, may be applied with great advantage, if and 
when needed. 

A word of comment may be added on the seriousness of this problem 
of a receding groundwater table caused by over-pumping. It is not 
necessary to go far afield for examples. We are surrounded by them. 

I said above that, if a certain industrial field were pumped beyond 
its capacity, adjacent municipal fields might be injured seriously. 
The impression seems to be widespread that, where wells are in sand 
and are not artesian, the effect of pumping will be limited to the 
radius of a so-called cone of depression which will not exceed 1,500 
feet to a mile at most. The notion involves some confusion of 
thought. It is true only as long as the wells are not over-pumped— 
that is, pumped beyond the safe yield of the field. The cone of 
depression is a dynamic condition. But if over a protracted period 
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more water is pumped out of an area than flows in, the static water 
level, which is the groundwater table, may be affected for miles— 
around. a 
In a recent report of the Water Power and Control Commission of : 
the State of New York they say: ‘“Overpumping in Kings County, 
Long Island, has lowered the groundwater levels in Queens and 
Nassau Counties and even in Western Suffolk County, 25 miles 
away. This property is being destroyed by unregulated exploita- 
tion. The supplies under Brooklyn are nearly gone, those under 
Queens are going, and those under Nassau are adversely affected.” 
The statement just made relates the question of injury to the stage 
of the groundwater table and it is difficult to see how else it can be 
gaged. The groundwater table in non-artesian fields is sometimes 
conceived of as maintaining a relatively fixed level under va 
conditions. Actually it does not. It fluctuates with the rainfall 
from year to year and in each year it fluctuates from month to month. 
It is noticeably depressed during each growing season and may vary 
naturally by as much as 7 feet within six months of a very dry year. 
That is not a very stable index. Obviously, it makes it difficult to. ; 
establish legal proof of injury based on observed ground water flue- 
tuations except in extreme cases. ia 
Abnormal depressions of the groundwater table become particu-_ 
larly serious when there is danger of salt water infiltration. Such 
intrusion operates as a sort of creeping paralysis. Once it is well — 
established there is no hope for the patient. All these circumstances 
call for a good deal of intelligent cooperation between clashing in- 
terests in specific regions to the end that serious over-pumping may 
not be indulged in by any of them to the injury of all. That is par- 
ticularly true in this state where industrial underground water 
supplies are not under public control. 
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Manholing Fire Hydrants 


By Verne A. Somers 


TPNHE fire protection portion of the average municipally owned 

water works system represents a large investment of public 
funds. This, of course, makes it the duty of the water utility mange- 
ment to furnish dependable and economical fire protection. Pro- 
viding this service, in a first class manner, usually represents quite 
a problem. The extensive network of pipe lines, valves and hy- 
drants must all be kept in good working order. 

Correct installation and maintenance both play a very important 
part in the proper functioning of this equipment because quick, sure, 
dependable operation is of vital importance at all times. To con- 
sider every individual factor entering into this problem would be 
interesting. The purpose of this paper, however, is to deal with but 
one of the major phases of the subject, namely, the installation of 
fire hydrants. 

Installation of the ‘‘manholed hydrant” is accomplished in prae- 
tically the same manner as any other setting. After the branch 
valve has been bolted to the base, the hydrant is lowered into the 
ditch, lined-up properly and leaded on to the branch. If a water 
service line is to be taken from one of the taps on the base, the neec- 
essary fittings and meter yoke are next installed and the extension 
dial meter set. This can readily be done after the installation has 
been completed as the manhole offers ample space for accomplish- 
ing this work. It is, however, easier to do this work in an open 
ditch. 

Next, the concrete manhole rings are lifted over the hydrant and 
lowered into position, one at a time, by means of a small portable 
derrick. The rings are “staggered’’ purposely to provide steps for 

A paper presented at the Wisconsin Section meeting at Milwaukee, Wis., 
October 12, 1938, by Verne A. Somers, Superintendent, Water Works, Stevens 
Point, Wis. 
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Fic. 1. Hydrant, valve and branch ready for installation of manhole rings A 


Fig. 2. Side view indicating how the branch valve is attached to the base of 
the hydrant. Note ‘‘tap’’ in base for water service lines 

Fic. 3. Installation of meter on service line taken from tapped hydrant base 

Fic. 4. Completed installation ready for backfilling 
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getting into and out of the manhole. The inside diameter of the 
concrete rings is 33 in.; the walls are 4 in. thick and reinforced with 
steel. Heights of the rings range from 4 to 12 in. to facilitate bring- 
ing the manhole to the proper street grade. The top ring of the 
manhole is tapered and the bottom ring cast with a half-circle open- 
ing to permit entrance of the branch pipe. After the concrete rings 
are in place, the specially designed cast-iron manhole top is set into 
position and securely fastened to the barrel by means of a special 


Fic. 5 Fia.:6 

Fic. 5. Top view of cast-iron manhole top. Note “slots’’ for holding the 
special iron strap that fastens the manhole top at the hydrant barrel 

Fic. 6. View of concrete manhole ring. Inside diameter is 33 in. and walls 
are 4 in. thick 7 


. . . . 
malleable iron strap, around which either lead or lead compound is 


poured to seal the hydrant into the manhole top. If the barrel of 
the hydrant being installed has an outside diameter of ten inches, 
the strap can be eliminated. After the ditch has been backfilled 
to the top of the iron manhole lid, the installation is complete. 
Dependable operation hinges, to quite an extent, on proper main- 
tenance. Proper maintenance is practically assured with this type 
of installation due to the fact that nearly all of the working parts of 
both the branch valve and the hydrant are easily accessible. In- 
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stead of placing the valve out on the branch, this method provides 
for bolting it directly to the hydrant base, bringing it within the 
manhole surrounding the hydrant. Digging up either the valve or 
hydrant for the purpose of repairing, re-packing or even replacing 
is thus eliminated, as all this can be done merely by entering the 
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manhole. 

Tree roots, which often grow into the drain of a hydrant and create 
a serious hazard, are readily removed at any time an inspection re-. 
veals that they are present. This, of course, does away to a certain 
extent with the danger of damage from frost. In localities where 
there is the possibility of ground water entering the hydrant through > 
the drain, this installation makes it possible to pump the manhole, | 
plug the drain and free the barrel of water, again reducing the danger - 
of the hydrant becoming frozen. All these advantages are impor- 
tant because they not only make for more dependable operation, 
but also reduce maintenance costs considerably. 

In addition to these maintenance advantages, this setting also 
has other features worthy of mention. By tapping the hydrant base 
on either one or both sides between the branch valve and the hy- 
drant valve, water services can be provided. The manhole offers — 
ample space for valving and metering two lines of this kind. Con- 
tractors and street crews can also be furnished water connections 
from this same point by installing a special slotted cover on the 
manhole in place of the regular one to allow the service pipe to 
come through. These lines can also be valved and metered within 
the manhole leaving the hydrant unmolested and eliminating the — 
evil of furnishing service of this type from the hydrant nozzle. 
These practices tend to reduce corrosion in the base as the water 
is kept fresh and clean by constant usage. Assessing a service line | 
charge against persons desiring service from this source, helps ma- 
terially in defraying the cost of installing the hydrant. 

Offhand one might be inclined to believe that the cost of an in- 
stallation of this type would be excessive. This is not the case, 
however. Manholing does cost a little more, but the reduction in 
maintenance costs and more dependable operation that result from 
this practice more than compensate for the slight additional cost 
of the cement manhole, which usually does not exceed 10 or 12 dol- 
lars per setting. Various factors such as the size of the manhole, 
the conditions under which it is constructed, and so forth, will, 
naturally, cause this figure to vary somewhat. In most cases, 
however the cost of the manhole should not exceed this amount. 
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By Benjamin Eisner 


HE Fair, while formally dedicated to commemorating the 150th 
anniversary of George Washington’s inauguration as first presi- 
dent of the United States, is admittedly a venture for stimulating 
business in the New York area. Employment has been increased by 
7,000 on the grounds and countless more elsewhere through expend- 
iture of $150,000,000 for temporary and permanent construction for 
the Fair. Besides the business gains, the city will have as a result 
the lasting benefits of conversion of a blighted area to an attractive 
park, 

Only this one available location possessed the advantages of size 
and easy accessibility by motor road, rail, water and air. Its 
geographical position at the head of Flushing Bay is now well known 
as the result of intensive publicity work. Road maps and markers 
everywhere fix it as the visiting point of some 50 to 60 million per- 
sons in the coming year. 

For those interested in specific engineering problems attending con- 
struction work at the Fair a more detailed description of the site is 
given. The two square miles of salt marsh adjoining the meander- 
ing course of the former Flushing River near its outlet into Flushing 
Bay have been used for years as a dumping ground for ashes, gar- 
bage and rubbish. The volume of this material has been estimated 
as 50 million cubic yards, in places reaching as high as 90 feet above 
the normal tidal level of the swamp and in places forced by its own 
weight to depths of 25 to 40 feet below tide level. This ash fill was 
placed for convenience of unloading so that its thickness was any- 
thing but uniform. Some of the areas immediately adjacent to the 
river were bare of ashes: here the surface was the original mat of 


A paper presented at the New York Section meeting at New York, N. Y., 
December 29, 1938, by Benjamin Eisner, Chief Sanitary Engineer, New York 
World’s Fair 1939, Inc. 
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decomposing surface vegetation. The distance is, in places, as much 
as 90 feet through the underlying silt or mud to sand adequate for 
supporting foundations. 

In preparation for the Fair and for the future Flushing Meadow 
Park which wiil replace it as a major addition to the New York 
City park system, the city, under a single contract involving the 
movement of about 7 million cubic yards of these ashes, regraded the 
area by leveling the high portions and spreading excess material over 
exposed meadow mat. This work included complete relocation and 
realignment of the River with formation of two large lakes and 
filling of the original channels. 


Construction Designed for Permanent Use 


Consequently foundation problems permeate all construction 
work at the Fair. Early operations were frequently at the risk of 
slides and mud waves where thickness of the overlying ash fill was 
slight. The original river coursed through a portion of what is 
now the principal Fair exhibit area where main buildings stand as 
evidence of successful conquest of these foundation problems. 
The new channel and lakes are the backbone of design of the future 
park. Wherever practicable the Fair plan conforms to the Park 
plan to save as much as possible of the Fair work for permanent 
use. This consideration applies more particularly to roadways, 
bridges and subsurface construction than to buildings, even though 
five of these, the New York City building, State Amphitheatre and 
three lesser buildings for park operation are permanent structures. 

Many agencies combine in producing the result that is the Fair. 
Aside from the Fair Corporation costs, New York City expenditures 
for large drains, street work, grading and other miscellaneous im- 
provements near the grounds are heaviest. Next are those of 
New York State for bridges and highways. Permanent work by the 
Corporation includes sewers, drains, water distribution works, land- 
scaping and numerous other items. 

At the time of establishing a basis for the design of the water sys- 
tem nothing was known of the probable rates of water consumption 
by prospective exhibitors. The plan of the Fair offered only little 
more information concerning probable use than did the generalized 
map of future park development. Since specific locations of ex- 
hibits had not been assigned and since it was fairly sure that many 
changes would take place, both in the character of the exhibits and 
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in their positions, principal water lines were placed to conform to 
park requirements rather than those of the Fair. Approval by Park 
Department officials is a requisite for all permanent work and because 
main lines were permanent there was little difficulty in agreeing upon 
general locations for principal feeders. 
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Fic. 1. EstimateED WatER CONSUMPTION AT NEW YORK WORLD'S 
Farr GROUNDS 


Detailed locations for pipes, however, were dependent upon phys- 
ical factors, the most important being immediate planting of 10,000 
trees and large shrubs forming an intricate landscape plan. Pipe 
laying was forced to precede planting in spite of the constant risk 
of damaging the mains when excavating the tree holes which were 
as large as 20 feet in diameter. Early installation of mains was 
necessary to make available a positive supply of water for irrigation 
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as soon as trees were placed. To avoid tree holes, water mains were 
laid with considerably more than the usual proportion of angle 
points which because of the character of the ash fill added to design 
and construction difficulties. 

Given the locations for the mains, standards of design were 
adopted to provide carrying capacities for all domestic purposes 
plus sufficient reserve for fire fighting. In this respect considerations 
of use through the Fair outweigh those of the future park. Pipe 
sizes are such that after meeting all other demands a flow of 3 million 
gallons per day can be provided without reducing street level 
pressures below 45 pounds per square inch, or in case of a major 
conflagration supplying 8 m.g.d. irrespective of pressure drop. 

Consumption estimates are based on the recorded experiences 
at the Century of Progress Exposition in Chicago.! Adjusted to the 
character, area and expected populations at the New York World’s 
Fair, these records form the basis of estimating that the average 
daily total demand will be 7.6 million gallons; that the total con- 
sumption on a maximum day will be 12 million gallons; and the maxi- 
mum hourly demand approximately 17 m.g.d. Drafts for air-con- 
ditioning are not included in the above totals, it being planned to 
confine the majority of operations requiring water use to the night 
hours, making available the hollow in the flow curve for air-condi- 
tioning. 


A Chicago Records Used for New York Estimates 


At Chicago detailed records were kept of water consumption for 
each specific purpose and were compared with attendance records 
to determine accurately the unit rates of consumption in the various 
structures and for normal operations. Table 1 indicates the man- 
ner of applying these records of use in preparation of New York 
World’s Fair consumption estimates. 

Under the lease agreement with the City of New York, all water 
to be used in the Fair is delivered at the site boundary through city 
mains which furnish Catskill water at pressures varying from 75 to 
107 lb. per sq. in. 

In an effort to provide possible reserves, a study was made for an 
independent well supply. However, the maximum possible yield 


‘Wardle, Andrew N. Design of Water and Sewer Utilities of a Century 
of Progress—1933. Jour. Western Soc. Eng., 40: 19 (1935). 
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: was far too small to justify construction costs in accordance with the 
requirements of the New York State Water Power and Control 
Commission for return of spent water to the stratum from which it 
is taken. Every effort is being made to conserve the supply of city 
water through use of water saving devices in air-conditioning equip- 
ment and requiring that all except the very smallest fountain dis- 
plays be provided with recirculating pumps. 

The system of mains now comprising’ approximately 13 miles of 
pipe work contains two larger size mains which form part of the city 
transmission system. One of these is a 48-inch riveted steel line 
built by the city and the other a 20-inch cast-iron and steel main 
built by the Fair. These mains flank the exhibit area with the 
Fair system cross-connecting between them and extending into 
the other sections of the site. There are seven points of connection 
to the city supply, the principal ones being provided with master 
: meters and pressure regulators where pressure differences are high. 
Sizes of the local mains run from 6 in. (for single hydrant branches) 
to 12 in. in diameter. 

Permanent lines required approval not only of Park Department 
officials but also of officials of the City Department of Water Supply, 
‘e- Gas and Electricity. Temporary lines, constituting a majority, 

were to be abandoned at the end of the Fair period. There was a 
fixed budget—there usually is—though the number of consumers and 
the length of the system was unknown. The ash fill was newly 
regraded and of acid content. Its adequacy for supporting pipes in 
trenches was untried. Slight movements, but sufficient to disrupt 
water service, were unpredictable. The speed of installations made 
it fairly certain that much of the pipe laying would be adversely af- 
fected by adjacent sewer construction, excavation for buildings, and 
by driving of piles for nearby structures. 

. Final selection of materials for both temporary and permanent 
mains was made to minimize total construction and operating cost. 
The system combines four types of pipe: 13 per cent of the length 
of the system is cast iron; 3 per cent is steel of 3-inch thickness; 


6 per cent is light gage steel; and 78 per cent is asbestos cement. 
Prior to the first of the larger water main construction contracts, 
a few mains needed for immediate irrigation were installed of cast 
iron and light gage coated steel for temporary use. The latter ma- 
terial does not permit adding service connections readily and it 
was soon found out that even with the most careful planning of 
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“tees,” this type of pipe did not meet the peculiar needs of the Fair 
where pipes were to be laid in advance of known demands. As a 
result, materials were limited to cast iron and asbestos cement. Per- 
mission was secured from the city to use these materials for per- 
manent park mains and final choice was determined by bids for the 
work. 

All accessories such as hydrants, valves, and valve boxes are in 
accord with standard New York City specifications, whether used 
on permanent or temporary mains. The advantages of this feature 


Estimated Water Consumption 


CONSUM ON 
m.q.d. m.g.d. m.g.d. 
Comfort Stations................... 0.69 4.80 4.80 
Drinking Fountains 1.08 1.08 1.08 
Kitchens and Concessions........... 0.83 6.50 6.50 
1.68 4.80 
Flushing... ........ 0.15 0.75 
Floor Scrubbing..................... 0.02 0.06 
Transformer Cooling................ 0.15 0.15 0.15 
Display Fountains.................. 0.80 1.20 1.20 
Waste and Leakage.................. 0.40 0.60 0.60 
Allowance for Fire Protection... | 2.88 2.88 


60 19.71 


of design are obvious in case of repair and effectiveness during fire. 
The 250 hydrants in the grounds are thus available to city fire ap- 
paratus as well as to the local apparatus supplied by the Corporation. 

Naturally, foundation conditions were cause for grave concern 
throughout construction and in particular where trenches lie in the 
fill occupying the original river channel or adjacent to new stream 
banks. Some of these areas were insufficiently consolidated when 
pipes were placed to avoid use of piles and heavy stringers if move- 
ment at joints was to be averted. Even after placement of such 
supports, leaks caused by general soil movements did occur. The 
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Corporation has a repair crew on regular duty for repair of damage 
usually caused by excessive deflections at joints. Leaks are expected 
when it is realized that the mains are laid in an ash fill resting on 
mud, that heavy trucking passes over freshly filled trenches, that 
sewers and drains are frequently constructed close to and across 
water lines immediately after laying and that the whole area has 
been undergoing continuous consolidation. 

None of the mains is sufficiently old in‘service to justify final con- 
clusions as to construction, nor has the system been subjected to the 
demands of the 600,000 to 800,000 persons to be present on the 
grounds at peak days. The problems of maintenance faced during 
the construction period are decidedly different in kind from those 
expected thereafter. Mains are subjected to heavy construction 
loadings before street pavements are placed to distribute these 
loads. At the last stages of construction there is a race to place 
taps and service connections in advance of pavements. Normally 
this type of work is unhurried, but when building for a Fair, exhibi- 
tors’ wants change with such rapidity that maximum speed is es- 
sential if the number of paving cuts is to be kept within reasonable 
limits. 

Hydrant Maintenance a Problem 
At the last of December there are approximately 500 service con- 
nections to the mains and almost 100 of these are in operation. Fire 
line and sprinkler connections and small sized outlets are unmetered. 
Water for private use is billed at standard rates and the system 
operated as an independent water company by the Fair Corporation. 
Besides repair of the mains, there is constant difficulty in keeping 
all of the hydrants in satisfactory operation.. With water being used 
for construction all over the site, workmen at times save themselves 
effort—or think they do—by using Stillson wrenches directly on 
hydrant nuts to obtain a small quantity for building purposes or for 
filling a drinking pail. Constant policing of each hydrant is almost 
impossible hence there is frequent replacement of scored operating 
nuts and on occasions replacement of entire interior mechanisms, 

All mains are sterilized prior to regular operation and samples are 
analyzed for acceptability in city laboratories. The World’s Fair 
Building Code and Regulations concerning water use, which are both 
patterned after similar documents of the city, further protect water 
quality in prohibiting cross-connections and work by unauthorized 
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persons which might result in contamination. The code sets up 
minimum requirements for sprinkler systems and standpipes for 
fire use. Water for outdoor fire fighting is available at all buildings 
from hydrants at not more than 300-foot intervals along the mains. 
Location maps have been furnished to the city fire companies near 
the Fair grounds and are made familiar to the personnel of the Fair. 

Water for irrigation is obtainable from flush surface type inde- 
pendent outlets as well as from hydrants. Fortunately the street 
plan is such that there are only a few broad planted areas not easily 
served from hydrants or connections within short distances of the 
mains. As with mains and accessories, irrigation lines conform to 
Park Department standards for use after the Fair. 

For six months all main lines have been in place and in operation 
and during that time there has been no serious accident. A few 
lines have been replaced where major soil movement prevented satis- 
factory maintenance. Defective connections have been replaced 
and additional anchorages have been provided where resistance of 
of trench sidewalls proved different from expectations. The inter- 
esting feature of operating the water system during this period is 
that while being subjected to the severe treatment accompanying 
large scale street and building construction, and frequent disturbance 
by other subsurface work, weak points are discovered and reasonable 
assurance is thus given that the mains will serve satisfactorily during 
the Fair. 

Water work at the Fair is not a new departure. Our problems 
have been practically the same as for other water projects. If 
there is a difference it is in the large extent of purely temporary 
work which justifies lower construction costs with consequent in- 
crease in maintenance cost over a very short period. The quality 
of the water is assured; its amount and pressure should prove ade- 
quate. 

Acknowledgement for helpful assistance in bringing about this 
result is given to the officials and staffs of the New York City Park 
Department, Department of Water Supply, Gas and Electricity, 
and to others who aided the construction department of the Corpora- 
tion. The project was carried out under the direction of Colonel 
John P. Hogan, Chief Engineer, L. B. Roberts, Assistant Chief 
Engineer, with field work supervised by E. J. Carrillo, Chief Land- 
scape Engineer. Design and operation have been under the direction 
of the writer. 
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Automatic Water Level Recorder for Wells 
By Walter M. Brown 


HAT I propose to describe is an automatic water level recorder 

for use in pumping wells or in wells too small in diameter to 
accommodate a float. This instrument, as assembled and used by 
the Long Beach Water Department, automatically records the ele- 
vation of the water surface in our wells, together with the line pres- 
sure of the mains into which the wells discharge, water levels being 
recorded in feet above or below sea level and main pressures in 
pounds per square inch. 

One of the early tasks to which I fell heir, after joining the staff 
of the Long Beach Water Department back in 1925, was riding herd 
on our water levels and compiling the monthly report of our pump- 
ing operations. At that time, water levels in accessible wells were 
read once a month, and frequently glaring errors were discovered 
when it was too late to check them. It was impossible to sound 
certain wells equipped with pumps and, consequently, many valuable 
records were not collected at all. Fluctuations of the water surface 
between monthly measurements constituted a fascinating mystery; 
the effect which pumping at one well had on the water level of 
another could only be guessed at; and any number of phenomena 
connected with the reaction of our ground waters under the pump 
were shrouded in complete darkness. 

As time went on, I was impressed with the fact that a periodic 
measurement, even when accurate, merely represents a condition 
existing at the moment of taking, and is by no means representative 
of the average conditions existing during any given period. More 
and more, I was impressed with the need of a more accurate and con- 
tinuous record of water level fluctuations and with the desirability 


A paper presented at the California Section meeting at Riverside, Cali- 
fornia, October 27, 1938, by Walter M. Brown, Office Engineer, Water Dept., 
Long Beach, Calif. 
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of reporting pumping costs, if possible, in terms of the expense of 
lifting a unit volume of water—say 100 or 1,000 cubic feet—a unit 
of vertical height or pressure head. Valuable comparisons could be 
made if the average lift could be accurately determined; but compari- 
sons based on the incomplete data then available were generally 
worthless and sometimes completely misleading. 

Ten years or more ago, I inquired among recorder manufacturers 
and machinery agents for an instrument that would give a continu- 
ous record of water levels in pumping wells. At the time, I could 
find only two types of instrument that held any promise whatsoever. 
One of these was the automatic water register more widely known 
locally as the nilometer, and the other was a diaphragm type of 
pressure transmitter. The nilometer depends upon a float and is sat- 
isfactory in open wells of ten or twelve inches or more in diameter. 
The diaphragm type measures the weight of superimposed liquid 
and gives good service in tanks. Neither type is suitable for 
wells equipped with deep well turbine pumps, where clearances are 
small and a considerable drawn-down the rule. 

The nearest approach to the type of instrument I had in mind 
was a crude affair used as a substitute for the usual soundings in 
wells so covered by the pump base that access by tape was impos- 


Earlier Device Did Not Record Continuously 


This device consists of a small pipe of known length extending 
below water level, on the top of which an ordinary pressure gage can 
be screwed. Through a side connection, air is pumped into the pipe 
by means of any small hand or foot pump until all the water has been 
dispelled and surplus air bubbles out of the bottom. A few strokes 
of the pump generally suffice to accomplish this, whereupon the 
weight of the column of water above the bottom of the pipe is 
transmitted through the enclosed column of air to the pressure gage. 
This weight, measured in feet of head and subtracted from the total 
length of pipe, gives the depth to water level. 

While such an arrangement provides merely a substitute for a 
tape measurement, the apparatus has the advantage that it can be 
used through or under a wide spreading pump base and in a well 
of small diameter or small clearance around pump or pump column, 
and is fairly accurate. 

Finding nothing available that would give a continuous record in 
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a pumping well, we gave some thought to the development of ap- 
paratus that would. This period is ten years behirfd us now and 
many of the ideas that we played with then and ultimately aban- 
doned are already quite forgotten. But ultimately we came to the 
idea of improving upon the air column method of measurement, by 
substituting an automatic pressure recorder for the ordinary pressure 
gage. 

Our first experiments were conductéd at a newly drilled well. 
They demonstrated the feasibility of the idea, but also disclosed the 
absolute necessity of passing a continuous trickle of compressed 
air through the small pipe, in order to keep it clear of water; for no 
matter what precautions we adopted to secure air-tight joints, with- 
out such trickle of air, there was a gradual creeping of water into the 
pipe until there was no longer any pressure to be registered. 

We had no supply of compressed air available at the chosen site. 
However, the well itself was producing so much air or gas that, in 
spite of the fact that it was pumping directly into our mains under 
our normal distribution pressure, there was a gradual accumulation 
of air or gas in the pressure tank which we use in the double capac- 
ity of sand trap and air chamber. We, therefore, found it necessary 
to install a relief valve. So our Foreman of Operations, Luther V. 
Buford, conceived the idea of tapping the pressure tank for our com- 


yressed air supply. 
ppl. 


Compressed Air Found Necessary =~ 

This experimental work, however, was highly intermittent, being 
sandwiched between more important phases of our operations. By 
the time Mr. Buford was ready to connect up the pressure tank to 
our experimental apparatus, the well was no longer producing suffi- 
cient air or gas, and our experiments lagged again. 

Ultimately, a supply of compressed air was made available at 
our present service plant, through the extension of an air line from 
our auto shop. The pressure was excessive for our purpose and 
required extremely delicate adjustments to avoid building up back 
pressure on the recorder. This difficulty was considerably ameli- 
orated by the installation of a reducing valve, but still the pressure 
was subject to erratic variations that made reliable readings un- 
certain. 

However, we were convinced that a reasonably accurate and con- 
tinuous record of water levels could be had by a properly designed 
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apparatus, if an inexpensive outfit for producing small quantities of 
compressed air could be found or developed. Ultimately, Mr. 
Buford found a } h.p., single-phase, 110-volt motor having a speed 
of 1,460 r.p.m., and a small belt-driven air compressor of 1.75-inch — 
bore and 1.75-inch stroke. These seemed promising, and with them 
we assembled our first complete self-contained unit on a ae 

panel board. 


Small Air Compressor Evolved 


The main item of this unit was an ordinary, single-pen, seven-day 
pressure recorder, surmounting a {-inch galvanized pipe of known 
length, extending 20 or 30 feet below the point of greatest antici- 
pated drawn-down in the well. Beneath the gage was mounted the 
motor and air compressor, together with a small equalizing air tank, 
made out of a 20-inch length of 4-inch steel pipe, which served to 
flatten out the pulsations of the compressor. The outlet from the | 


tank was tapped into the }-inch pipe through a side connection. 
Thus, a small continuous stream of compressed air was pumped | 
into the line and allowed to trickle out of its submerged lower end. 
The recorder gave us a continuous record of the head of water above — 
the bottom of the pipe, and this, deducted from the total length of a 
pipe, gave us the depth to water at all times, within half a foot or | 
or so. The main problem we faced was to adjust the compressor — 
speed for the production of a low volume of air that would not — 
create enough back pressure to affect the reading of the recorder. ; 

Our first compressor had a single main bearing and depended 
upon the splash system for oiling. We had to operate it at so low 7 
a speed that the oiling system would not function and the bearing : 
burned out. The manufacturer coéperated with us, however, and 
produced a compressor with two main bearings and a ring oiling sys- 
tem. This compressor has proven very satisfactory. Operated at 
a speed of 360 r.p.m., it has a theoretical capacity of { cu.ft. of free 
air per minute. 

In 1931 and 1932, we drilled ten new wells, using, for the most 
part, electrically welded casing. We believe that we were the first 
to make extensive and successful use of this type of casing; but that 
is another story. 

In the drilling of these wells, special provision was made for the 


insertion of a tape or a reasonably flexible pipe or tube, regardless 
of the size or type of pump that might be installed. This was ac- 
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complished by bending a piece of 2-inch steel pipe eight or ten feet 
long to a long, gradual curve, cutting away the lower portion of the 
convex side, cutting a slot in the well casing to correspond, welding 
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1. SETTING AND OPERATING PrinciPLe, Automatic Water Level Recorder 


Used by Long Beach, California, 


the 2-inch pipe to the casing over the slot, and pouring the founda- 
tion block of concrete to embed the whole thing. 
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The upper end of the 2-inch pipe comes to the surface of the : 
foundation block a foot or so outside the well casing, where it will — 
clear the base of any pump that may be installed. Through this — 
2-inch auxiliary pipe, either a tape or a small pipe may be inserted — 
into the well without pulling the pump or otherwise disturbing its 
set-up. 

Although this auxiliary entrance to the well was intended primarily 
for the introduction and removal of the small air line connected to i 
recorder, it is now seldom used for that purpose. Since the earth- 
quake of March 10, 1933, we have been mounting our pumps upon 
a hardwood base 3 in. thick, set on top of the concrete. This mount- 
ing enables us to tap through the wood for the installation of the 
1.inch air pipe. The auxiliary 2-inch pipe is still used for soundings, 
however, it being our present practice to tape the distance to water 
at the time the chart is changed, as a check upon the accuracy of the 
recorder (see fig. 1). 

Up to this point, a pressure recorder reading directly in feet * 
head was used, and the reading shown on the chart had to be sub- a 
tracted from the total length of pipe below the reference point in 
order to secure the depth to water. If the relation of the nal 
surface to sea-level was desired, a further computation was necessary. , i] 
These relations may be expressed by the following equations, all 
quantities being in feet: 

D=L-H 
S=E-L+H 
in which, D = depth of water surface below reference point, 
S = elevation of water surface above or below sea-level, 
EK = elevation of reference point above sea-level, 


L = total length of pipe below reference point, 7 
H = head above lower end of pipe, i 
H = length of submerged portion of pipe. 
By this time, it was apparent that a pressure recorder and a special > 
chart could be designed which would give a direct record of the water 7 


i 
level in our wells, above or below sea level; and that it would be : 
desirable to show on the same chart the pressure on the main into | 
which the well pump discharged. A survey of our wells showed that — i 
a range of 20 feet above sea-level and 80 feet below sea-level would 7 
serve all our needs, with rare exceptions, for a number of years to | 
come; while a range of 100 Ib. main pressure would meet our needs — : 


indefinitely. 
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At this point, we called in the Los Angeles Sales Engineer of one 
of the nationally known instrument manufacturers, and the two- 
pen recorder and chart we are now using were evolved (fig. 2). The 
chart has a double scale, using the same graduations. The inner 


Fic. 2. Auromatic WaTER LEVEL REcorDER, Installed in 1] 
Beach, California, (photo by A. T. Brown, Winstead Bros., Long beach) 
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circle represents 20 feet above sea level on one seale and 100 Ib. 
pressure on the other. Working outward from the center, the two 
scales compare as shown in table 1 

When free of pressure, both pens rest on the outer circle of the 
chart, there being a small time differential between them to allow 
them to pass each other without interference. To avoid possible 
errors, inks of two different colors are used; the pen arms are colored 
to correspond; and the center of the chart bears the double notation 
“water level in feet—red”’ and “‘pump press. in pounds—violet.”’ 

While both pens work from the outer edge inward, the pressure 
recording pen makes a direct record, but the water level pen indulges 
in a sleight-of-hand performance that in the past has frequently 


TABLE 1 


Comparison of Scales of Recorder 


WATER LEVEL ELEVATION IN FEET : MAIN PRESSURE IN POUNDS 
+20 100 
+10 90 
0 = sea-level 80 
—10 73 70 
ai 30 
—70 bad 10 
80) 0 


baffled us to describe, although, as a matter of fact, its operation is 
as simple as that of the other. The secret of its legerdemain lies 
in the chart and the instrument setting rather than in the instrument 
itself. The chart is designed to give an accurate record only when 
the bottom of the air pipe is exactly eighty feet below sea-level—no 
more, no less. In equipping a well, we lower into it a string of 
i-inch pipe, the combined length of which is equal to the elevation | 
of the reference point above sea-level plus an additional 80 feet. 

As in our first experiments, the water level pen mechanism meas- 
ures the head of water above the submerged bottom of the pipe, 
but what it records is something else again. The chart is so designe . 
that it automatically subtracts 80 sap from the measured “a ad and 
gives us a direct record of the water surface in the well, referred to | 
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Fic. 3. Typrcan CHarts, upper chart from Commission Well 
No. 2 and lower chart from Development Well No. 3 
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sea-level. The equation which it solves may be written S = H — 80, 
in which 8 again represents the water surface, above or below sea- 
level, and H again represents the head of water on the air pipe. 


Recorder Charts Described 


When held vertically, the lower portion of the chart becomes a 
cross section of the well at which it was taken, sea-level being indi- 
cated by a heavy brown line doubly identified as ‘‘sea-level’’ and 
“Q,”’ while the water level is indicated by the red line drawn by the 
appropriate pen. By means of the scale on the chart, the number of 
feet above or below sea-level may be read directly, within the usual 
limits of error for a 12-inch chart with a total range of 0-100. 

The recorder itself is a 7-day instrument, with electric clock and 2- 
hour carry-over to guard against loss of records due to interruption 
of power service. The power, both for the clock and for the } h.p. 
motor which drives the compressor, is taken off the lighting circuit 
at 110 volts. 

We now have 18 wells equipped with these instruments at an 
average installed cost of about $231.50 each. At a compressor speed 
of 360 r.p.m., they consume, on the average, 175 kw. hr. per instru- 
ment per month. As our power averages approximately 8 mills per 
kw. hr., this means a monthly power cost of about $1.40. No doubt 
this cost could be materially reduced by reducing the compressor 
speed 50 per cent or more, the merest trickle of air being sufficient. 

Typical charts are shown in fig. 3. The upper chart is from Com- 
mission Well No. 2 for the week ending September 25, 1938. This 
well pumped continuously during the week, into a collection main, 
the pressure on which ranged from 5 to 8 lb. from 6:00 a. M. to 
10 p. mM. Other wells, however, discharged into the same collection 
main each night between 10:00 p. Mm. and 6:00 a. mM. Their effect 
in increasing the main pressure and thereby decreasing the pump 
capacity and raising the water level at Commission No. 2 is clearly 
shown by this chart. Collection mains from west and east unite 
near Commission No. 2, discharging their combined contents into a 
larger main extending south. The turbulence created by the union 
of these three mains is clearly shown on this chart. The lower 
chart is from Development Well No. 3 for the week ending August 
28, 1938. It shows both the static and pumping water levels at 
this well, and the effect that pumping this well has on the pressure 
in the collection main into which it discharges. The smoothness of 
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this flow is in marked contrast with the turbulent flow at Com- 

mission No. 2. Note that the inner heavier line is the red line 

that denotes water level and that the violet line denoting pump 
pressure is the outer lighter line as shown in the charts in fig. 3. 

In addition to giving us a vastly more reliable record of water 
levels than we ever had before, the charts show accurately the time 
of starting and stopping each pump and its exact running time, 
They give us, of course, the static level when the pump is idle and 
the pumping level when it is operating. They show, too, that while 
the main part of the draw-down occurs within a few seconds after 
the pump is started, there is a further draw-down which occurs on 
a gradually decreasing scale for from three to twenty-four hours, and 
in some cases even longer, before it ceases; and that with the stop- 
ping of the pump, the process is reversed, although at most wells 
complete recovery is attained in a considerably shorter time than 
complete draw-down. They demonstrate conclusively that sound- 
ings taken a few minutes after the starting or stopping of a pump 
may vary as much as three or four feet from those taken a few hours 
later. 

The very infrequent interruptions to power service are shown at 
the operating wells by the stoppage of pumps, the exact time of such 
interruptions being also shown. The effect of the draw-down at 
one well on the water level of another can be traced through a com- 
parison of charts; and sometimes this effect is felt over a surprising 
distance. 

We are particularly well satisfied with our coupling the two 
records—water level and main pressure—on a single chart. One 
of the surprising disclosures of the double record is the sensitivity 
of the water level in a pumping well to the few pounds increase in 
main pressure that always follows the cutting in of a second well 
on the same collection main. Increased main pressure reduces the 
pump capacity, and this, in turn, causes an immediate rise in water 
level. The extent of the rise, of course, depends upon many factors 
and varies at different wells. With us, it ranges all the way from a 
2-foot rise with a 10-pound increase in pressure to a rise of 7 feet 
with a 6-pound pressure increase. 

Constant care is necessary in interpreting these charts, as it is 
easy to jump to erroneous conclusions. For example, two wells 
a few hundred feet apart both discharge into the same collection 
main, which usually has about eight pounds back pressure on it. 
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If one of these wells is already pumping when the other starts up, 
the chart of the first well will show an increase in main pressure and 
a rise in the water level, as already described. On the other hand, 
if one pump starts while the other is idle, the chart at the inactive 
well will show the usual rise in main pressure, but it will be accom- 
panied by a drop in the static water level. This is due to the fact | 
that their pumping cones overlap, and that the operation of either 
pump will lower the water level in both wells. >= 


Air Entering Pump Has No Effect 


We thought, at first, that the air passing through the }-inch pipe 
might reduce the efficiency of the well pump. As already stated, 
there is less than a cubic foot of free air used per minute, and even 
if it all entered the pump, its effect on pumpages of from 100 to 500 
cu.ft. per min. would be negligible. This has been confirmed by 
tests made by the engineers of the Southern California Edison Com- 
pany. They have been unable to detect any difference in our pump 
performances due to the use of this equipment. 

At the outset, we used {-inch galvanized pipe, but found that it 
corroded near the water line and occasionally clogged until back — 
pressure was created. We now use }-inch brass or copper pipe and — 
have had no similar trouble since we made the change. In our — 
Wise Well No. 1, the corrosion was not confined to the air pipe, but — 
attacked pump, pump column and, apparently, well casing as well. — 
Electrolysis seemed to be indicated and for a time our apparatus was — 
under suspicion. Again the Edison engineers gave it a clean bill of | 
health. Nevertheless, we have adopted the precaution of insulating 
the air pipe from the rest of the equipment by the use of rubber hose — 
connections. 

Surprising information is sometimes obtained from these charts | 
when least expected. Shortly after our North Long Beach Well 
No. 4 went into service, we received a complaint from a consumer a 
few blocks away that the water department was wrecking her home; — 
that at certain intervals we were doing something that threatened | 
to tear her plumbing loose and heave it into the street; and would we — 
kindly cease our reprehensible practice, whatever it was. Refer- — 
ence to charts taken from pressure recorders in the neighborhood — 
showed that the lady had cause for complaint. A tremendous jolt — 
was occurring once or twice a day—a water hammer that threatened — 

not only the consumer’s plumbing but the safety of our own mains 
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as well. Inquiry disclosed the fact that an oil company was making 
geophysical tests in the neighborhood, exploding charges of dynamite 
from time to time. We felt sure this was the cause of the water 
hammer. 

We were on the point of sending out an investigator when it oc- 
cured to us to take a look at the two-pen record from North Long 
Beach Well No. 4. To our surprise, the violet line, recording main 
pressure, showed a far heavier shock than the other recorders indi- 
vated, and perfectly synchronized with them. There was no longer 
any doubt that the lady was right and that the water department 
was doing something not according to Hoyle. 

We called our service plant and received the bland statement: 
“Why, yes. The pumpers complain that, every time they start 
North Long Beach No. 4, the pump almost jumps from the founda- 
tion.”’ As the pump was a deep well turbine, discharging into a 5 by 
20 ft. pressure tank, one function of which was to serve as an air- 
chamber, this confronted us with another mystery. The investiga- 
tion that followed demonstrated that some peculiarity of the water 
at that particular well, which has never been satisfactorily explained, 
‘aused a gradual absorption of the air in the pressure tank until we 
had a tank full of water and no air cushion. When the pump was 
started under those conditions, the entire system in that neighbor- 
hood was subjected to a terrific water hammer. Fortunately, the 
lady’s complaint, coupled with our own chart records, brought the 
matter to our attention before serious damage was done. 

While the installed cost of these automatic water level recorders 
may seem rather high at first glance, due to the need of the small 
motor-driven air compressor, we feel that the expense has been more 
than justified by the results obtained. We are not yet computing 

our pumping costs in terms of a unit of water lifted a unit of pumping 
head, because we still have wells that are not equipped with these 
instruments. But we are measurably nearer the goal, and as the 
result of the use of the eighteen instruments already in service, we 
know more about the pumping phenomena at our wells than we have 


ever known before. 
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Symposium on Filter Bottoms 
‘Slat Bottom Filters 
By Carl J. Lauter 


ILTER bottom design at the Washington, D. C., eighty-million-— 
Freation Dalecarlia filter plant covers a ten-year evolutionary period 
from the initial installation of the slat bottoms in 1927 to date. > 
filter bottom is a wooden slat strainer which was originally adopted — 
because it was believed that satisfactory operation would be secured _ 
at about half the cost of the conventional manifold and lateral 
pipe system type. 

Each of the twenty filters is a four million gallon per day unit with — 
a sand area of 1,477 square feet. Normal operating rate is two 
gallons per square foot per minute or 125 million gallons per acre per 
day. The supporting construction for the sand and gravel consists 
of a series of slats or joists of yellow pine, each } by 10 inches, set on 
edge and spaced one inch apart by triangular wooden spacers. These 
slats in turn rest upon three rows of 8- by 10-inch timbers running 
longitudinally with the major axis of the filter and resting in two 
notches in the concrete sidewall. This arrangement gives end and 


center support for the two sets of slats, each set being approximately 
12 feet in length or one-half of the width of the unit. The entire _ 
assembly of slats is bolted down through the center bya key log which 

in turn wedges the ends into the recess in the side walls. 

The water area below the slats slopes gradually from the rear to the © 
front and from the sides to the center axis of the filter. There is ; 
about a six-inch minimum clearance at the rear with a maximum of | ; 
twenty-four inches at the front end. Across the entire front of the © 


filters there is a channel of rectangular cross section. It is 54 in. 


A symposium presented at the Four States Section meeting, Washington, — 
D. C., October 6, 1938, by Carl J. Lauter, Chemical Engineer, Dalecarlia Fil-— 
ter Plant, Washington, D. C.; and J. S. Gettrust, Supt., Akron Filtration — 


Plant, Kent, Ohio, 
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7 _ deep and 54 in. wide, the latter measurement being from the front 
wall of the filter. Water enters the area below the slats through this 
channel, entering at one end in a direction parallel to the major axis 
of the bed. It impinges directly on the rear channel wall 54 in. 
ahead and is deflected upward and to the right. Thewidth and depth 
of this channel, together with the space beneath the slats, were 
deemed sufficient to break up all turbulence and result in a uniform 
vertical velocity at all points in the unit. This was not accomplished 
and is one of the prime causes of the irregularities encountered. 
Eighteen inches of gravel, arranged in five layers, starting with 
23-inch size and ranging to torpedo sand, was next placed on the 
slats. This was topped with a 24- to 30-inch layer of filter sand ob- 
tained from the McMillan slow sand filters, then the sole plant of 
Washington. This sand had a .32 millimeter effective size with a 
1.6 uniformity co-efficient. The choice of this sand was dictated by 
the fact that there was an abundance of it available on the thirty 
~acres of the McMillan filters without cost except the hauling charge. 


It was anticipated that there would be a hydraulic grading with 
~ washing, which, with the discarding of that brought to the top, would 
~ soon build up a bed of the desired size and depth. This, however, 
was not satisfactorily accomplished by this means alone, and it was 

necessary to purchase additional sand of 0.6 mm. grade to build up 
to the 0.45 mm. size, which was considered the proper size for this 
water. 

Difficulties in filter washing became apparent at the beginning. 
There was a very noticeable difference in the rate of wash between the 
front and rear. Twice as much water was coming up over the front 
trough as passed into the rear one. This variation was apparent even 
at low rates of wash when the vertical rise was twenty inches per 
minute or less. Several filters had small holes blown through the 
sand and gravel in the front section within six feet from the front 
wall, and it was necessary to make immediate repairs. 

. As rapidly as possible all units were bared to the slats at the front 
= end for a distance of about 12 feet from the front wall and a series of 
parallel cross strips ?- by 23-inch, 8 feet long and spaced about one 
inch were nailed to the top of the original 10-inch slats. Over this 
8-foot area a second cross stripping was placed. This resulted in a 
cross-hatch effect leaving openings of from 3 in. square at the extreme 
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front to approximately 1 in. square at the rear of the 8-foot strips. 
This alteration gave relief to the “blow-up” trouble at the extreme 
front but it did not satisfactorily solve the inequality of the wash 
throughout the filter area. Some time later a deal of the old sand, 
which had been lost or scraped off, was replaced with 0.6 mm. sand 
and experiments were conducted with more shallow depths of sand 
on the filters. It was noted that the deeper sand layers, with from 
20 to 24 in. of sand, were more subject to blow holes than those with 
from 11 to 14 in. Also those filters with increased gravel layer, to 
allow lesser sand depths and maintain the same freeboard, were better 
than the deeper sand layers of the same or lesser freeboard. The 
freeboard ranged from 24 to 30 in. For several years the plant ran 
along fairly free from blow-ups with the 14-inch average sand depths, 
during which time the wash rates were from 35 to 40 m.g.d. or 23 in. 
vertical rise. 
Single-Wash Practice Resumed 

The practice of washing all units in a series of three successive short 
washes was also adopted, following the results of experimentation 
with the miniature 2-inch battery of filters. This wash overcame 
some settling of mud balls down through the sand to the gravel level, 
but it did not allow a very satisfactory sand expansion and had no 
corrective effect on the still existing inequalities in the wash rate 
throughout the filter. It was then decided to return to the conven- 
tional single wash of from 5 to 6 minutes, but with all usual pre- 
cautions observed, such as slow opening and 40 m.g.d. maximum 
rates, the blow-ups began to reappear, and for the most part nearer 
to the center, beyond the original cross stripping. 

Investigation of some of these areas that were blown revealed the 
fact that the triangular separator blocks had been displaced due to 
failure of nails by rusting. In many instances large stones were 
lodged between the slats. The gravel was disrupted and sand was 
found below the slats, which, for the most part, was washed to the 
rear and in some units as much as one-half of the area was lost to 
filtering and wash. 

As soon as this condition became apparent, definite steps were 
taken to solve the problem of unequal wash velocity by a complete 
overhauling job. One at a time the filters were stripped of all sand 
and gravel, all slats were removed and all old triangular iron nailed 
separators were replaced by square section separators which were 
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secured with copper nails. The filters were then divided into four 
distinct sections for treatment as follows: section A, the first 16 feet 
across the entire width; B, the second 16 feet; C, the next 11 feet; 
and D, the last 11 feet. All filters are 54 ft. long and 26 ft. wide at 
the sand level. 

Section A was stripped with 2?- by ?-inch yellow pine slats spaced 
approximately 3 in. apart; section B was spaced approximately 
i in. apart; section C approximately | in. apart, and section D from 
1} to 1} in. apart. All stripping was of the same stock size and was 
nailed with copper nails to the top j-inch edge of the original slats 
which are still in excellent physical condition after ten years immersion. 
In addition, section A was also cross slatted with the same material, 
spaced 1 in. apart at the front to 3 in. at a point 8 feet from the wall. 
Thus the entire unit was graduated and the worst area over the cross 
trough at the front end was given double protection against excessive 
vertical components of wash water. 

This general plan, with minor readjustments of spacings in the 
relative sections, was put into effect on seventeen of the twenty 
filters and required about one year’s time for the complete trans- 
formation. It involved the entire removal, regrading, washing, and 
replacing of all gravel and of all sand. Several of the filters were 
built up with additional gravel to secure a minimum freeboard with 
the desired 14 in. of sand. <A few had deeper sand layers to accom- 
plish this and several have freeboard greater than 24 inches. This 
arrangement will afford more opportunity to study the detail of 
freeboard more fully. 


Determination of Wash Rate 


A simple but rather effective method of determining the wash 
rate and water rise at various points was developed and may be of 
interest. Six simultaneous readings were obtained by posting six 
persons at the desired points and having them set a specially con- 
structed stick on the gutter lip in the same manner at the same 
instant. Each strip was tapered at the end to a thin cross section 
with a sharp edge toward the inflowing water and a flat surface in 
longitudinal direction of flow over the wier. This surface was sprin- 
kled with activated carbon prior to immersion. The water passing 
over the gutter traces a clean path on the carbon surface and leaves 
a definite trace and height of flow at each point that is tested. These 
measurements were made at various rates, both before and after the 
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gravel and sand were replaced. There was no relative difference due 
to the sand or gravel, all effects of wash being determined by the 
slatting. 

As a result of this reconstruction there has been a decided change 
in the relation of wash water opening to sand area. The per cent of 
opening in the original set-up was about 45 per cent while in the 
latest design this has been reduced to around 15 per cent. Further 
reduction by nailing slats to the bottom might be impractical as the 
pressure might disrupt them. One filter is in progress of being re- 
duced to nearly 3 per cent by bolting heavy boards to a partially 


redesigned bottom support for the slats. 


pon Conventional Strainer Type Filter a 


On one filter, the entire slat bottom and area beneath the same was 
replaced by a conventional manifold system. Distributing flumes are 
of concrete construction, with laterals of 3-inch wrought iron pipe, 
having 34-inch holes at the bottom and giving a ratio of opening to 
sand area of 0.3 per cent. None of the laterals is longer than 64 ft. 
The level of the openings is at the same elevation as that of the origi- 
nal and present slat tops. The layer consists of 24 in. of gravel, an ad- 
ditional 6 in. over the original, and 17 in. of sand with a 24-inch free- 
board. Sand size is .45 mm. and 1.6 uniformity. The filter shows 
fairly good wash uniformity as measured by heights of water columns 
attached to various laterals and by the so called “activated carbon” 
method. It is, however, difficult to get a satisfactory sand expansion 
with the available head but better results are expected with the more 
viscous water now coming into the plant, caused by temperature 
change from the maximum of 85° to near freezing temperatures. 


Conclusions 


1. Multiple low rate washes or “trick’? washes will not solve in- 
equalities of wash water. 

2. Graduated stripping, properly secured with copper nails, has 
- given more satisfactory and uniform wash velocity in all sections of 
filters. 

3. A conventional filter with strainer pipes and 0.3 per cent ratio 
_ of orifice opening to area was somewhat deficient in sand expansion 
_ in summer due to insufficient wash water head. 

4. Shallow sand depths have given more satisfaction than deep 
layers and a maximum freeboard of 20 in. is desired. - 
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5. Less freeboard will allow lower rates of wash with equivalent 
scavenging or overflow of suspended matter into the gutters. The 
term freeboard is used here as meaning the distance from sand 
level to top edge of gutter. 

6. More than 35 per cent sand expansion is needed with 45 mm. | 


219 


sand. 
7. Reslatting of the wood slat strainer was adopted to improve the 
unsatisfactory distribution of the wash water as this method was for 
the time being much cheaper than any other method of correction and 
much cheaper than complete replacement of the underdrain system. _ 
All planning and construction on the above filters at the Dalecarlia 
plant were jointly carried out by J. E. Curtis, Senior Engineer; P. O. 
Macqueen, Engineer; and C. J. Lauter, Chemical Engineer, and 
under the authority of the District Engineer, U. 8. Engineer Office, 
Washington, D. C. 


Wheeler Bottom Filters 
By J. S. Gettrust 


; or rated at 2 million gallons per day when filtering at the rate 
of 125 million gallons per acre per day. All filters were built with 
the Wheeler filter bottom. Each unit consists of two filter layers 
separated by a central gutter between the halves. The plant was 
completed and put into operation in August, 1915. At that time 
it consisted of ten filter units. Three years later, five more units 
were added, and in 1921, ten more units were added, bringing the 
total capacity to 50 m.g.d. 

The Wheeler bottoms are built of concrete and consist of an in- 
verted pyramidal depression, one to each square foot of sand area. 
These depressions are 8.80 in. across the top and 5.51 in. deep. The 
bottom of the pyramid is connected to the underdrain system by a 
brass tube of 3-in. inside diameter. In the bottom of each of these 
depressions is placed a 3 in. diameter cement ball. Four similar 
cement balls are placed above the first. Between the openings of 
the top four balls are placed nine spheres, 14-in. in diameter, and 
made of glazed earthenware. Hand picked gravel of ?- to {-inch 
size is placed in the openings between the cement balls and marbles 
making the support for the layers of graded gravel. 

This arrangement of balls, marbles and gravel breaks up the up- 
ward flowing wash water, giving a uniform distribution of wash water 
over the entire filter bed provided the wash water has the same pres- 
sure at each of the ?-inch brass tubes in the bottom of the inverted 
pyramid. 

The first ten filter units were constructed using a manifold system 
cast in the concrete supporting floor for the Wheeler bottom. The 
wash water entered this manifold at two points for each half of the 
filter unit. The wash water passes through a central channel run- 
ning the length of the filter; lateral channels running under each row 
of the openings in the Wheeler bottom connect to the central channel. 
No provision was made for cleaning or inspection of this system of 
underdrains. 

It was discovered shortly after starting the plant that sand was 
passing through the bottoms to the clear well. There also developed 
hard spots in the corners of the filters and along the side walls. 
During two years of operation as much as 12 in. depth of sand was 
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HE Akron Filtration Plant is made up of twenty-five filter units 
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lost from a filter. Most of the units showed loss of sand. Sometimes 
one side would be in perfect condition while the other half would be 
10 or 12 in. lower. 

These first 10 units were built with a total of 6 in. of gravel on 
top of the Wheeler bottom. This was divided into three layers. — 
The first layer over the bottom was 1} in. deep and consisted of 


gravel 3 to fin. in size. Then there was a layer 1} in. deep of gravel — 


i; to 4 in. in size, and then the top layer 3 in. deep of gravel * 12 
mesh to 7% in. It was decided that this last layer was not thick | 
enough to support the sand properly and prevent its working down 
to the larger gravel and through the underdrains to the clear well. 
The material was removed from the filters and the underdrains were — 
cleaned by back flushing with wash water and by the use of jets — 
pushed through the openings in the Wheeler bottoms. This was a_ 
long tedious process. 


a Torpedo Sand Prevents Clogged Underdrains 


When the filters were back-washed most of the sand in the mani- 
fold system would be carried to the last row of openings along the 
wall, generally plugging them up completely. This was a contribut- | 
ing cause of the hard spots in the filters along the side walls and in the 
corners. After cleaning out the manifold system, the cement balls, | 
marbles and gravel were replaced as when originally constructed | 
except that an additional 4 in. of the smallest size gravel or torpedo | 
sand was added to the top layer of gravel. We have had no further _ 
trouble with the loss of sand down through the gravel to the under- 
drains. 

The experience gained with the first 10 units was made good use of 
in building the two extensions to the plant. The Wheeler bottom 
was used in the two extensions, but the manifold system of under- 


drains was replaced with the false bottom type of construction. This 
provides a 2-foot space between the Wheeler bottom and the floor of 
the filter. This forms a pressure chamber for equal distribution of 
wash water to the openings in the Wheeler bottom. A manhole 
entrance is provided to each of these chambers so that they can be 
entered and inspected to see that there is no obstruction plugging 
the brass tubes. A 10-inch gravel layer was used. The first layer 
2 in. deep consisted of 3- to 3-inch size; second layer, 2 in. deep of 
- to }-inch size; third layer, 3 in. deep of ;4- to 3-inch size and the 


top layer 3 in. deep of #12 mesh to ;-inch size. 7 
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The only trouble we have had with these last units was the oecur- 
rence of some hard spots along the side walls. The spots usually 
extend out about a foot from the side walls and along the wall from 
2 ft. to the entire length of the side wall. Over these spots the sur- 
face of the sand is several inches higher than that part of the unit 
which is washing properly. 

Inspection of the $-inch openings in the Wheeler Bottom by enter- 
ing through the manholes provided for this purpose showed, in all 
cases, that these openings were clean and no sand was on the floor 
of the pressure chamber. Digging down through the sand and care- 
fully inspecting the gravel layers immediately under the hard spots 
in the sand showed that the sand had penetrated into the gravel and 
that the finer gravel layers had been disturbed. The sand mixed 
with the gravel prevents the flow of wash water upward to the sand 
layer above. Thus the sand above these places is not moved during 


the washing process. 
Careful Washing Prevents Hard Spots pene ad 


This mixing of the gravel and sand along the side wall is attributed 
to a too rapid filling of the filters with wash water when empty or 
dry. The correct method of filling an empty filter with water is to 
open partly the wash water valve and allow the water to fill from the 
bottom up, driving out the entrained air. After the unit is filled 
with water, the rate of filling or wash is slowly increased so that the 
sand bed is broken up evenly all over and the air dispelled without 
undue local disturbances. If the water is allowed to enter the filter 
too rapidly it will break through the sand at the point of least resist- 
ance and spurt up in the air with jet action. The point of least 
resistance is usually along the side walls. When a break such as 
this occurs all the water entering the filter tends to flow through the 
point where the break has occurred thus creating a high velocity 
at that point. This disturbs the gravel layers and permits sand to 
penetrate into the gravel. This penetration of sand into the gravel 
prevents the proper washing of the filter layer above thus producing 
the hard spots. 

While these things are thoroughly understood by most good opera- 
tors, these ideas are difficult to impress upon the minds of some of the 
help that must be relied upon to do the work of operating the filters. 
They may think that they are careful in filling the empty filter with 
water—but a little too much haste and the damage is done, though 
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Cincinnati Filtration Plant during the first seven years of its opera- 
tion. At no time during that period did he see any of the filters with 
hard spots along the side walls or in the corners. There a brass screen 
was used over the gravel to hold it in place. If those filters were 
filled too rapidly with water, the jet action could not disturb the 
gravel as it was held in place.) I have stressed this point about 
handling filters as I believe it is more important than most operators 
realize. Some of the troubles attributed to faulty filter bottoms may 
be caused by faulty handling. The troubles which we have en- 
countered could occur with any type of filter bottom. 

I do not advocate the use of a screen for holding in place the gravel 


not apparent at the time. (The writer was associated with the 


layers so that the filter may be filled quickly. The use of such a 
screen introduces other troubles. 

Some of us have worked with small experimental filters and have 
tried to mix the sand and gravel by turning on the water quickly 
when the filter was empty. We have not succeeded in mixing up the 
gravel and sand in these small units because conditions were different 
from those in the large units. The whole sand layer in the small units 
is lifted up out of place before it breaks up and falls back on the 
gravellayers. There is no jet action in these small units to throw the 
gravel at one point up into the sand layer. 

An inquiry often received about the Wheeler Bottom is: After 
years of service do the cement balls hold their original round shape? 
The answer is yes. I have never found a misshapen ball in our filters. 

The surface of the cement balls, after years of service, is smoother 
than new balls. The pores of the cement are filled with a coating of 
calcium and magnesium carbonates and sulfates. This coating forms 
a thin shell which can be chipped off the ball. Where the balls are 
in contact with each other or with the sides of the Wheeler bottom, 
this shell coating causes the balls to stick together or to the bottom. 
When the balls are removed from the filter, this shell coating will 
break off at the point of contact. It is so thin, not more than one 
thirty-second of an inch thick, that when broken off, it does not 
interfere with the further use of the balls. 

The Wheeler bottoms have given entire satisfaction at the Akron 
plant. What filter bed troubles we have had can in no way be 
attributed to the type of bottom used. 
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Water-borne Outbreaks in the United States and 
vee Canada, and Their Significance 
By Arthur E. Gorman and Abel Wolman 
Preface 
REPORT on 470 water-borne outbreaks in the United States 
and Canada for the seventeen year period 1920-36 inclusive is 
presented herewith. It combines statistical data collected by the 
authors in two different periods 1920-29 and 1930-36 inclusive, and 
previously presented in various monographs (1). 

This report is not intended to be limited to water-borne outbreaks 
involving public water supplies, but is to include many outbreaks 
resulting from contamination of semi-public and private water 
systems in schools, institutions, industrial plants, camps, summer 
resorts and private premises. 

The seventeen year period covered was one of the most varied 
economic, social and climatological periods in the history of the two 
countries during which developments of profound influence on water | 

works and public health procedures took place. It was also an era nan 
when knowledge of the causes and methods of transmission of the 
common water-borne diseases and the art of water purification were | 
general among practitioners in these two fields. It is timely and 
instructive, therefore, to audit, in retrospect, the successes and fail- 
ures in controlling water-borne diseases in these countries. To 
accomplish this, the authors have made what they believe to be 
reasonably complete, quantitative analyses of the outbreaks reported 
to them, through the co-operation of state and provincial health 
officials representing all forty-eight states of the Union and the eleven 


provinces of Canada. 


A paper presented before the Water Purification Division at the New 
Orleans convention, April 26, 1938, by Arthur E. Gorman, Engineer of Water 
Purification, Dept. of Public Works, Chicago, Ill., and by Abel Wolman, 
Professor of Sanitary Engineering, Johns Hopkins University, Baltimore, Md. 
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In the statistical analyses of the data pertaining to these outbreaks, 
- comparisons have been made of causes, chronology, population and 
~ number of illnesses in such manner as to be most helpful to water 
- works and public health officials. Outbreaks with less than five 
persons affected have not been included. This necessitated the 
omission of twelve American and two Canadian outbreaks previously 
reported for the decade 1920-29. Certain changes were also made 
in the classification as to cause of outbreaks’ given in the two earlier 
reports, based on more complete data received from the original 
sources of information. 

It is recognized that the information submitted was by no means a 
- complete record of all water-borne outbreaks in the two nations for 
the seventeen year period. All data used statistically were received 
= from official sources. For purposes of completeness, certain epi- 

_ demics of considerable size, which could not be included in the statis- 

tical data because there was inconclusive evidence of water-borne 
Beane have also been discussed. 

Even while this report was in preparation, information was re- 
— ceived concerning additional water-borne outbreaks at Milwaukee, 
ol Wisconsin; Vinton, Iowa; Dallas, Texas; and East Pembroke, New 
York. Each new outbreak is a reverberation of the time-worn 
- warning that relaxation of vigilance in safeguarding public water sup- 
_ plies takes its tragic toll of human lives and suffering, to say nothing 
_ of extensive economic losses to the community affected. 

It is the hope of the authors that this report will be helpful to 

water works and public health officials in their efforts to provide 
the public with safe water. If this purpose is realized, the objective 
of this co-operative effort will have been achieved. 

In conclusion, it is desired to acknowledge the co-operation of the 
American Medical Association in permitting the use of data from the 
A. M. A. Journal pertaining to typhoid fever death rates in large 
cities; the U. S. Bureau of the Census and the Canadian Bureau of 
Statistics for statistics pertaining to the typhoid fever death rates 
in these two nations; and in particular the assistance of Mrs. Mattie 
Tillma, Miss Grace Dingillo and Maurice Drubeck for assistance in 
compiling and checking certain statistical data, and Mrs. Marie M. 
Corley for stenographic work in the preparation of this report. 

ARTHUR E. GORMAN 
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Decline in Typhoid Fever Death Rates Since 1900 


One of the most remarkable public health achievements since the 
turn of the twentieth century has been the reduction of typhoid 
fever (see table 1-A). The decline in the typhoid fever death rate 
in the registration area of the United States from 35.8 in 1900 to 2.5 
in 1936 is a distinguished record of which the public health profes- 
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sion is rightfully proud. The progressive decline of the annual ty- 
phoid fever death rate in Canada rather closely paralleled that of 
the United States except for the year 1927, when due to a disastrous 
milk-borne typhoid fever epidemic at Montreal, Quebec, the rate for 
that year was set back nearly the equivalent of its decline in the 
preceding ten years. 

The water works profession in both countries is entitled to much 
credit for the distinguished record of reduetion in water-borne ty- 
phoid, which is reflected in the above rates. Improvements in the 
art of water purification and general measures taken to safeguard 
public water supplies, especially through filtration and chlorination, 
have been responsible in a large part for this remarkable record. 
In table 1-B showing the average typhoid fever death rates in a group 
of the largest American cities, for five year periods since 1880, the 
relation of water works improvements to the decline in typhoid 
fever in these cities is clearly apparent. 

It is interesting to note (see table 1-A) that during the past quarter 
of a century, typhoid fever rates, in 78 large cities in the United 
States over 100,000 in population, have consistently been notably 
lower than those for the nation as a whole. This record of rapid 
‘a decline in the typhoid fever rates which was manifest by 1914 
“a brought forth the following comment in the American Medical Asso- 
- ¢iation “Report on Typhoid Fever in Large Cities of the U. 8.” 

for that year: 

It is evident from the data given that typhoid fever is on the way 
~ to become a relatively rare disease in many parts of the U.S. There 
are two main reasons for this: 1. There are now comparatively few 
large cities in which the public water supply is likely to contain 
typhoid bacteria in dangerous numbers either constantly or occa- 
sionally. 2. The increase in the practice of pasteurization has re- 
sulted in a diminution of the amount of milk-borne typhoid. With 
- these two great sources of infection largely removed, health officers 
are in a position to begin a detailed study of less generalized sources. 
Outbreaks due to carrier and other causes can be much more readily 
discovered when they are no longer screened by a mass of cases due 
water or milk.”’ 

Some years later Veldee (2), in a report on his studies of the relation 
between the residual typhoid fever and the quality of the municipal 
public water supplies in six Ohio River cities originally using the 
raw untreated water as their source of supply and at the time of his 
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investigation treating this water by coagulation-sedimentation-fil- 
tration and disinfection with chlorine, wrote: “During the period of 
raw water consumption, the typhoid fever incidence in each city 
was uniformly high in every month of the year—a seasonal distribu- 
tion which is typical of endemic water-borne typhoid fever. Follow- 
ing the installation of the present public water supplies, the typhoid 
incidence promptly fell to a low rate comparable with rates prevailing 
in other cities on the Ohio River watershed which have had, at least 
since 1914, safe water supplies. At the same time, the seasonal 
distribution changed so as to give a definitely summer and fall dis- 
ease.” 

It is quite evident that in recent years typhoid fever in rural areas 
has been a much more important factor in determining the typhoid 
fever death rate in most states than cases in urban communities 
where because of safe public water supplies this disease is becoming 
quite rare. Lumsden and Dauer (3), in a report on typhoid fever 
among the white population of various states for the five year period 
1929-33 inclusive, report typhoid death rates in excess of 10.0 per 
100,000 population in four states, and in excess of 5.0 in fifteen as 


follows: 


Woeat Virgimia.. ...... 11.03 So. Carolina........... 7.88 


These are all states with a relatively large rural population and 
which during the period reported had definite rural sanitation prob- 
lems. 

In discussing typhoid fever in the United States for this five year 
period, these authors wrote (3), “From all the evidence at hand, it 
appears highly probable that the geographical distribution of typhoid 
fever in the United States is largely, if not entirely, explicable by 
regional and local differences in the application of general sanitary 
measures and in climatic and soil conditions. The possibility must 
be admitted, however, that there are factors in causation of this dis- 
vase Which are not yet known. Therefore, typhoid fever, which we 
are pleased to list among the vanishing enemies of mankind, still 
appears to present a field for important epidemiological work.” 
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Unfortunately, as a result of the general diminishing typhoid fever 
rate in both the United States and Canada, there has been created 
in the minds of the public and possibly to a lesser degree among health 
and water works officials, the impression that water-borne epidemics 
are no longer to be feared as they were in the past. Along with this 
impression, there has developed among too many public officials a 
feeling that, with the construction of a modern water purification 
plant, vigilance can be relaxed in matters pertaining to pollution 
of the source of supply and supervision over the health aspects of the 
water works system. 

Let him who holds this viewpoint take heed of the toll which water- 
borne outbreaks in these two countries have exacted since 1920, as 


presented in the following pages of this monograph. 


Potential Hazards of Water-borne Outbreaks 


The occurrence over a period of seventeen years in two countries 

having a combined population of over 138,000,000 of less than 500 
water-borne epidemics, with illnesses involving approximately 
125,000 persons and not quite 1,200 deaths, may not be dramatic 
statistically in comparison with other morbidity and mortality data. 
Still these facts should serve as a warning to every water works and 
public health official when the potentialities of a single water-borne 
outbreak are considered. 
. Through pollution of a public water system, a large percentage of 
the population of a community may be made ill. The call for hos- 
: pitalization and relief may completely overtax the facilities of a com- 
munity to serve its own, necessitating emergency aid from the Red 
Cross, while in the case of a typhoid fever or dysentery epidemic the 
‘arrier hazard may persist for years. Instances of water-borne epi- 
demics of this character are at hand for the past seventeen year 
period for both the United States and Canada. 

At Salem (4), Ohio (1920), Chamberlain (5), South Dakota (1933), 
and Cochrane (6), Ontario (1923), the proportion of citizens made ill 
_ by water-borne infections was so great that Red Cross nursing and 
relief were needed to help bring the epidemics under control. — Pollu- 
tion of water near the intake to the public water system at St. 
é ~ Jerome de Matane, Quebec, in 1935, by fecal matter from a bacillary 
_ dysentery carrier among a group of laborers working on lowering a 

supply pipe caused an outbreak of 2,000 cases of dysentery with 40 
eae Cross-connections between polluted water systems and 
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those used for domestic purposes spread typhoid fever and amebic 
dysentery all over the United States from two different foci. The 
first was a Chautauqua camp-meeting at Winona Lake (7), Indiana, 
from which in 1925 over 1,000 persons returned to their homes to 
become ill with typhoid fever. The second was at two well known 
and adjacent hotels in Chicago among whose registered guests, 
patrons and employees over 1,400 cases of amebic dysentery and 
nearly 100 deaths were traced. Pollution of a school well at Edge- 
wood, Indiana (1931) caused illness in 390 of 425 pupils and teachers. 
Large cities like Detroit, Michigan; Minneapolis, Minnesota; and 
Springfield, Missouri, each maintaining modern and well equipped 
water filtration plants, experienced serious outbreaks of acute gastro- 
enteritis—the last two associated with a large number of cases of 
typhoid fever. 

Surely these are significant examples of the potentialities of relax- 
ing vigilance over measures to safeguard public water supplies. Each 
of these epidemics was preventable; a study of the circumstances 
surrounding each reveals many examples of what should be avoided 
at other water works systems, public or private. 

Extraordinary weather conditions and the “human element”’ had 
a direct bearing in setting the stage for many serious water-borne 
outbreaks which could have been prevented. On the other hand, in 
the face of potentially hazardous conditions favorable for the spread 
of infection through the medium of water, alertness on the part of 
water works and public health officials undoubtedly prevented nu- 
merous epidemics which might have reached calamitous proportions. 


Effect of Weather on Water-borne Outbreaks 


The severity with which extraordinary weather conditions may 
affect water supplies and complicate their public health relationship 
was shown by the great drought period of 1930-31 (8). Soserious was 
this drought in the central west that wells became depleted of their 
supply and reservoirs went dry. Water had to be shipped into 
cities in tank cars and emergency sources of supply had to be de- 
veloped. Tidal waters backed up into coastal waterways far enough 
to cause brackishness in public supplies (Louisiana, Maryland, 
Virginia and Pennsylvania). The low rate of flow in rivers of the 
Ohio basin, together with ponding behind dams constructed for 
navigation purposes, established conditions whereby biological 
growths in the water caused such offensive tastes that even after 
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being filtered the water of cities large and small was unpalatable 
(Ashland and Louisville, Kentucky; Portsmouth, Ironton and 
: Cincinnati, Ohio). At Charleston (9), West Virginia, the filtered 
_ public water supply was of such character as to cause gastro-enteri¢ 
disturbances in a large percentage of those who drank it. 
Prolonged bitter cold weather of the winter of 1935-6 established 
conditions which contributed to several water-borne outbreaks. In 
Canada, auxiliary water intakes had to be used when service from 
the regular source of supply was interrupted due to ice. At Mans- 
field, Ohio, when supply mains were broken due to freezing, sewage 
entered them and caused a serious typhoid epidemic. 

Striking examples of the value of prompt and intelligent co-opera- 
tion between public health and water works officials in preventing 
water-borne outbreaks as an aftermath of floods were the results of 
control measures taken in connection with the devastating floods in 
New England in 1928 and 1935, in New York state in 1935 and in 
the Ohio and Mississippi valleys in 1928 and 1937. The paucity 
of water-borne outbreaks in the flooded areas was a tribute of high 
order to public health and water works officials. 

7 _ Outbreaks Due to Laxity in Water Works Operation 
Against these brilliant achievements may be cited numerous water- 
borne outbreaks brought about because operating officials demon- 
strated distinct laxity in control methods or because plants were 
intrusted to incompetent operators who failed in times of need. In 
Alabama, two outbreaks occurred due to incompetent operation by 
an assistant while the superintendent was away on his vacation. At 


another city, an overdraft of water to meet the demands of a fire was 
not compensated for by an increase in chlorination, and a typhoid 
outbreak was the consequence. Water from a public system was 
shut off in a poor district of a southern city during the peak of the 
economic depression in 1934 because of non-payment of bills. The un- 
fortunate residents were forced to obtain water from polluted shallow 
wells with the result that 46 typhoid fever cases and 5 deaths 
occurred. 

A glaring instance of official incompetence occurred in Michigan 
in 1934, when even after a technician had warned a city manager of 
excessive turbidity in the lake water due to a storm and had reported 
unsafe water samples, this official refused to sanction an increase in 
the amount of chlorine used for disinfection. His refusal was re- 


232 GORMAN AND WOLMAN [J. A. W. W. A. 


20 
pr 
su 


an 
alt 
Th 
de: 
pre 
out 
oce 
this 
A 
low; 
COVE 
Fift 
repo 
cont 
the 
rine 
dang 
invo 


( 
t 
% 
0 
= 
tr 
lis 
ia 
> 
4 
. 
@ 


VOL. 31, NO. 2] -WATER-BORNE OUTBREAKS 


ported to have been due to fear of criticism on the part of the public 
if an objectionable taste should develop in the water. This laxity 
was followed by a water-borne outbreak of over 900 cases of acute 


233 


diarrhea in the city. This city now has a new city manager. 


Controversial Outbreaks 

During 1936 there were several “‘flashy’’ outbreaks of intestinal 
disturbances. Because of the general distribution of cases, water 
was at first suspected of being the medium of transmission of infec- 
tions, but subsequent epidemiological studies did not wholly bear 
out the “water-borne” hypothesis. 

At Kankakee, Illinois; Milwaukee, Wisconsin; and to a lesser 
extent in Chicago, Illinois, late in March, 1936, there were numerous 
reports of so-called “intestinal flu.’ Investigations failed to prove 
conclusively that difficulties pertaining to water treatment or con- 
trol methods accounted for these illnesses. They have not been 
listed as water-borne outbreaks in this report. However, in the 
case of Milwaukee, a second and similar outbreak involving some 
20,000 cases of illness occurred in February, 1938, and there is strong 
presumptive evidence that contaminated water, not treated with 
sufficient chlorine, may have been the cause of both outbreaks. 

There were outbreaks of typhoid fever at Springfield, Missouri, 
and Coshocton, Ohio, where water-borne infections were indicated, 
although proof as to the point of contamination is not yet available. 
The Springfield outbreak with 225 cases of typhoid fever and 26 
deaths occurred in July, 1936. It is included in the statistical data 
presented in this report. Ziegler (10), one of the investigators of this 
outbreak, reports that from 20,000 to 35,000 cases of gastro-enteritis 
occurred among the 65,000 inhabitants of the city. As a result of 
this outbreak, suits have been instituted against the water company. 

At Coshocton (11), Ohio, population 12,000, in February 1936 fol- 
lowing a period of very cold weather, a thaw caused flood waters to 
cover the well field from which the publie water supply was obtained. 
Fifteen hundred cases of diarrhea, involving some 600 children, were 
reported shortly thereafter. Investigators found no evidence of 
contamination in samples collected from the system two days after 
the peak period of the outbreak. They found a low residual chlo- 
rine content in the water in certain sections and several potentially 
dangerous cross-connections, but no evidence of these having been 
involved. 
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During 1935 and early 1936, there developed several hundred cases 
of diarrhea in the adjacent cities of West Point, Georgia, and Lanett, 
Alabama, which from epidemiological evidence (12) had the appear- 
ance of a water-borne epidemic, but still proof of pollution of the 
water supply to these communities was not conclusive. 

At Tampa (13), Florida, in May, 1937, tuere was a sudden outbreak 
of several thousand cases of gastro-enteritis in one section of the 
city. Water samples collected from the mains and examined ac- 
cording to Standard Methods showed no evidence of serious con- 
tamination. Filtered water was carried under a river through four 
submarine mains in the section of the city where this outbreak oc- 
curred and many cross-connections with private water systems of 
questionable quality were found by investigators. 

4 General Summary of Data Received 

A summary of the data received from the collaborating state and 
provincial health agencies for the seventeen year period 1920-36 
inclusive is given in table 2. Unfortunately, in the reports for the 
decade 1920-29, there was no attempt to differentiate between acute 
gastro-intestinal disturbances commonly called ‘‘diarrhea’’ and spe- 
cific infections of amebie and bacillary dysentery. Illnesses of 
both groups were classed under a single heading ‘“‘dysentery”’ al- 
though there were no indications that outbreaks of specific dysentery 
actually occurred. 

It is evident that for both the 1920-29 and 1930-36 periods, the 
reporting of diarrhea cases was not complete and the data summar- 
ized are probably but a fraction of the true number of illnesses which 
occurred. In several instances, the number of cases was estimated 
as a certain percentage of the population. In others an estimate 
was reported as within a given range, e.g., 10,000-15,000. In such 
instances, a conservative mean number was used for the statistical 
summaries. Such errors are believed to exist to a lesser degree 
in the reporting of typhoid fever cases, although here again some 
obvious irregularities were indicated. Typhoid fever records are 
generally much more accurate than those of so-called gastro-enteritis, 
the former illness being reportable. 

Reports of outbreaks which could be considered complete from an 
epidemiological standpoint were quite rare. In spite of these recog- 
nized limitations, it is believed that the data presented herewith 
constitute a valuable record of comparative information on water- 
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borne outbreaks in the United States and Canada which can serve 
as a basis for rational interpretation of facts and trends of real sig- 
nificance in public health and water works practice. 

It is of timely interest to note that the average number of out- 
breaks per year both in the United States and Canada was larger 
for the seven years 1930-36 inclusive than for the previous decade. 
The converse was true, however, of the average number of typhoid 
fever and diarrhea cases per year for these respective periods. This 
was due to the fact that in the total number of persons made ill, 
the outbreaks of the later period were generally much smaller than 
those of the 1920-29 period (see tables 3-B, 3-C). 

For the seventeen years, the average percentage of typhoid fever 
cases which resulted fatally was higher in the United States than in 
Canada, being 6.9 and 5.6 per cent respectively. 


Outbreaks of Amebic Dysentery 


Perhaps the most striking difference in the records of outbreaks 
for the two periods was the reporting of cases of amebic and bacillary 
dysentery and jaundice in the seven years 1930-36. 

There were three water-borne outbreaks in the United States in 
which amebie dysentery cases were reported. All were in Chicago. 
The largest was the notable hotel epidemic of 1933 involving 1409 
reported cases and 98 deaths. This outbreak occurred when the 
hotels were filled to or near capacity during the period of the Century 
of Progress Exposition. It was singularly not associated with an 
outbreak of typhoid fever. Numerous cases of unreported diarrhe: 
were known to have occurred during this epidemic. It is the opinion 
of those who investigated the epidemic that the reported cases and 
deaths of amebic dysentery were by no means a complete record of 
illnesses which occurred. 
the first water-borne amebic dysentery outbreak 
Was among guests, patrons and employees of two well 
It was 


This epidemic 
on record 
known Chicago hotels, the Congress and the Auditorium. 
very carefully investigated by the City of Chicago and the United 
States Public Health Service (14). The period of the epidemic was 
from about June first to December first, and the reported cases were 
scattered among residents of over 400 cities, 43 states, 3 Canadian 
provinces and the territory of Hawaii. Besides the 1,409 cases of 
amebic dysentery and 98 deaths reported, there were thousands of 
infections resulting in carriers among hotel contacts. The incidence 
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of carriers was especially high among permanent guests and em- 
ployees, these groups having been exposed to multiple periods of 
contaminated water. 

Two major avenues of infection of the water systems of the two 
hotels were uncovered by investigators. One was a leak in a house 
sewer in the Congress Hotel directly over a tank in which filtered 
water supplying the kitchens, dining rooms and various floors for 
drinking purposes was cooled. Evidence indicated that this source 
of contamination probably started the epidemic at the Congress 
Hotel and caused a large number of permanent guests and em- 
ployees to become infected by EF. histolytica. These groups, as active 
carriers, undoubtedly caused the sewage of the hotel to become highly 
infectious and established a condition favorable for a continuation 
of the epidemic when other avenues of infection became operative. 

Other major, routes of infection discovered were two cross-connec- 
- tions at ice machine condensers in the Congress Hotel between an 
~ overloaded house sewer and the common water system for the two 

hotels. The plumbing in this hotel was also found to be in a bad 

state of repair. 
A heavy rainfall on the night of June 29, 1933 is believed to have 


caused a “‘backing up” of sewage in one of the principal house drains 

of the Congress Hotel, thus causing considerable leakage from the 

sewer pipe over the cooling water tank. Singularly, in this instance 
the illnesses resulting were confined largely to guests and employees 
of this one hotel. In the subsequent infections, guests, patrons, and 
employees of both hotels were involved. This occurred because 
water from the condenser water system, which was cross-connected 
with the sewer in the Congress Hotel, was re-used as a.common sup- 
ply to both hotels. 

The evidence obtained by investigators did not indicate that the 
city water was involved in the epidemic, except as this water, used 
within the hotels, became a vehicle of transmission of the amebic 
dysentery organisms. In fact, a striking feature of the epidemic 
was the absence of typhoid fever in spite of apparent heavy sewage 
pollution of the hotel water systems. This may be attributed to 
the high residual chlorine in the city water and its sterilizing effect 
on any typhoid fever bacilli which may have been carried into the 
water system as it was contaminated. The amebic dysentery cysts 
are known to be very resistant to chlorine in the quantities used in 
water disinfection. 

The other two amebie dysentery outbreaks in Chicago were local 


of 
at 
H 
fe 
an 
ad 
dy 
an 
Ha 
ha 
em 
bee 
hur 
wat 
had 
wer 
wer 


' 
f 
a 
t] 
ry 
I 
= 
4 
4 T 
Ol 
br ea 
2 


VOL. 31, NO. 2] ; WATER-BORNE OUTBREAKS | 237 


in character. One was the result of drinking water from a grossly 
polluted source by firemen and spectators at the Stock Yards fire 
in May, 1934. This outbreak resulted in numerous cases of typhoid 
fever, amebic dysentery and diarrhea. 

The company operating these stock yards had for years main- 
tained a private water system of its own in addition to obtaining 
service from the City of Chicago water system. The source of sup 
ply for this private system was a public sewer. After being filtered 
and chlorinated at the famous “Bubbly Creek”’ filtration plant, this 
“purified” sewage was supposed to be used only for industrial and 
fire protection service. On the night of the stock yards fire, the 
filtered effluent from this plant apparently was far from satisfactory. 
After the stock pens had burned, numerous outlets from this second- 
ary water system flowed freely and firemen and spectators, thinking 
this water was from the city system, drank from these streams. 
The aftermath was a widespread outbreak of illness among these 
men. 

Hardy (15), who conducted a careful epidemiological investigation 
of the illness among Chicago firemen, reported 158 severe, 49 moder- 
ately severe and 35 mild cases of amebic dysentery among this group. 
He also reported 69 cases of typhoid fever and 2 of para-typhoid 
fever with a large but undetermined number of cases of acute diarrhea 
among citizens and firemen who drank this polluted water. In 
addition to those whose illness was definitely diagnosed as amebic 
dysentery, about 100 firemen acquired EF. histolytica infections 
and, but for prompt treatment, probably would have been carriers. 
Hardy estimated that in the neighborhood of 2,200 civilians must 
have also acquired E. histolytica through drinking this water. 

The third outbreak involving amebic dysentery cases was among 
employees of a Chicago industrial plant. This plant, after having 
been shut down and partially dismantled for several years, was 
hurriedly put into operation. A cross-connection between a river 
water system used for boiler feed and fire protection purposes which 
had existed for years became operative. As a result, 83 employees 
were made ill with acute diarrhea and 3 cases of amebic dysentery 
were reported among those exposed. 


Outbreaks of Bacillary Dysentery and Jaundice 

The outbreaks involving bacillary dysentery were three in number 
one in Canada and two in the United States. The Canadian out- 
break, in which the infective organisms were Flexner’s bacilli, was a 
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very severe one resulting in 2,000 cases and 40 deaths. It was at 
St. Jerome de Matane, Quebec, in 1935 where the public water sup- 
ply was polluted by fecal discharges presumably carried on the boots 
of workmen, one of whom was an active carrier of Flexner’s bacillus. 

The other two outbreaks were in California and New York. In 
the former, two cases of bacillary dysentery were reported along 
with 29 cases of typhoid fever. This outbreak was at Locke from 
March to May, 1936. <A deep well casing had rusted through near 
the surface of the ground. There was a leaky sewer about 12 feet 
away from the well. Approximately one half of the citizens of the 
town suffered from acute diarrhea. In the New York outbreak, 
which occurred at a summer hotel, there were 4 cases of bacillary 
dysentery associated with 12 cases of typhoid fever and 25 cases of 
acute diarrhea. Polluted lake water was available in the rooms and 
this water system was found to be cross-connected with the drinking 
water system. 

The lone outbreak of water-borne jaundice consisting of 28 cases 
was reported from Kansas. It occurred among the 50 children of 
the Smolan Consolidated School in January, 1935. A break in the 
school sewer system caused leakage through the basement wall, 
across a concrete floor and into an improperly protected well. It 
was reported that other cases of epidemic jaundice in Kansas are 
believed by the state epidemiologist to have been water-borne, but 


information was not sufficient to warrant classification, : 
Annual Distribution of Outbreaks 


In the United States, the three years in which the largest number 
of outbreaks in descending order occurred during the seventeen years 
studied were 1936, 1934 and 1935 respectively (see table 3-A). The 
years 1934 and 1936 were also among the three high years for Cana- 
dian outbreaks. The largest number of outbreaks in the United 
- States in any single year was 32 in 1936; in Canada it was 10 in 1923. 

~The year of least number of outbreaks in the United States was 1932 
with 13. There were no reported outbreaks in Canada for the year 
1926. 
In typhoid fever cases reported, 1920 was the high year for the 
United States with 2,003 cases (see table 3-B). This was the year 
of the Salem, Ohio, epidemic which accounted for 884 of these cases. 
In Canada, 1923 was the high year in typhoid fever cases reported, 
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totaling 1,366, of which 935 occurred as a result of the disastrous 
Cochrane, Ontario, epidemic in the spring of that year. 

Rated in order of total number of persons affected, 1926 was the 
high year in the United States, totaling 45,992 (see table 3-D). 
This was due to the influence of the outbreak of gastro-enteritis in 
Detroit. In Canada, the largest number of persons affected by 
water-borne outbreaks in a single year was 2,013 in 1935. All but 
13 of these illnesses occurred during the above mentioned bacillary 
dysentery epidemic at St. Jerome de Matane, Quebec. 


Seasonal Distribution of Outbreaks 


A distinct difference was indicated in the seasonal distribution of 
water-borne outbreaks in the United States and that of Canada for 
the seventeen year period (see table 4). In the former country, 
51.1 per cent of the 358 outbreaks for which the period of the ill- 
nesses was reported were in the four months, July to October in- 
elusive. This was true of both the 1920-29 outbreaks and those of 
1930-36. In Canada, the high seasonal period of water-borne 
outbreaks for the entire seventeen years included the months of 
February, March, April and May. For the decade 1920-29, the 
months of the high seasonal period were March, April, May and 
June. 

The mid-summer and fall months are now the predominating 
months for typhoid fever cases in the United States for all causes. 
Prior to the general practice of filtering and chlorinating public 
water supplies, water-borne typhoid fever in the United States was 
generally most prevalent in the late winter and spring months. 
The frequency of outbreaks in Canada during the spring months is 
considered to have resulted from the use of untreated surface supplies 


which are subject to heavy pollution during spring thaws. a 
Distribution of Outbreaks by Population Groups . 

It is enlightening to compare the percentage distribution of water- 
borne outbreaks by population groups with the corresponding dis- 
tribution of population in these same groups, as shown by official 
census statistics (see table 5-A). At once, one is impressed by the 
much higher percentage of outbreaks, both in the United States and 


Canada, in the 1,000 to 5,000 group. This is the group in which 
most of the small cities and villages fall. Many of these small 
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communities have public water supplies, but apparently they are 
not as well provided with equipment and personnel to safeguard their 
supplies as they should be. This group is deserving of special atten- 
tion by public health and water works officials. 

In the United States, cities of the 5,000 to 10,000 group also had a 
disproportionate number of outbreaks and appear to need more 
strict supervision in protecting their public water supplies. The 
combined groups (1,000 to 10,000 population) had, according to the 
1930 U. 8. Census, 12.5 per cent of the population. They experi- 


enced, however, 41.1 per cent of the water-borne outbreaks. In _ 


Canada, these respective percentages were 12.4 and 59.1. 

Contrasted with the greater density of outbreaks in the 1,000 — 
to 5,000 population groups, cities in the higher population classifica- _ 
tions showed a sub-average proportion of outbreaks. In cities of y 
over 10,000 population in the United States, 47.5 per cent of the — 
people reside, but for the seventeen year period only 22.1 per cent — 
of all water-borne outbreaks in this country were in this group. 
For Canada, the corresponding percentages were 37.3 and 8.5. 

In both countries, about one third of the outbreaks reported were — 
from communities of under 1,000 population. They represented 
widely different points of contact including private houses, communi- 
ties, schools and other public and private institutions, industrial 
plants, summer hotels, camps, resorts, picnic places, etc. In these 
groups, as reliable a basis for comparison of percentages of popula- 
tion and outbreaks does not exist as in the case of organized com- 
munities. However, the indications are clear that there is need of 
much more rigid supervision over water supplies among these 
miscellaneous groups than has existed in the past. 

In general, the percentage distribution of typhoid fever cases 
reported by population groups (see table 5-B) was similar to that for 
outbreaks previously discussed. Notable exceptions were the higher — 
percentages of typhoid cases in the 25,000 to 50,000 population group 
in the United States and in the 1,000 to 5,000 group in Canada. The 
complete absence of typhoid fever cases reported in the 500,000 to 
1,000,000 population group in the United States and in cities of 
50,000 or more population in Canada stands out as a remarkable 
achievement. 

Considered in terms of total persons affected, these percentage 
comparisons with population varied widely in the United States. 
This was largely due to the effect, statistically, of a few outbreaks 
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where large numbers of illnesses were reported. Because of this 


influence, significant conclusions are difficult to draw. 

Regional Distribution of Outbreaks ‘ts 


A comparison of the percentage of distribution of outbreaks in 
the United States by regions with that of population disclosed in- 
teresting facts both for the seventeen years and the two individual 
periods studied (see table 6-A). The New England and West 
South Central states, which were low in water-borne outbreaks for 
the 1920-29 decade, were much higher in the following seven years. 
The converse was true in the Mountain and East South Central 
states (for division of states into groups, see footnote to table 6-A). 

The Middle Atlantic states showed as the highest. group in water- 
borne outbreaks reported for the entire period studied, with the 
East North Central and South Atlantic states second and third 
respectively. In each of these groups of states, the percentage of 
outbreaks was slightly in excess of the respective percentage of the 
total population of the United States. The West South Central 
states had the fewest water-borne outbreaks for the seventeen year 
period, and on a percentage basis in comparison with population 
represented, these states made the best showing. 

In percentages of typhoid fever cases reported in the water-borne 
outbreaks, the East North Central states were high with the Middle 
Atlantic second (see table 6-B). In relation to the percentage of 
population distribution in the United States, the percentage of ty- 
phoid fever cases in the former group was over 50 per cent high. 
The New England states were a close second to the West South 
Central states in lowest percentage of typhoid fever cases reported. 
These two groups established the best regional records for low per- 
centage of typhoid fever cases reported in proportion to population. 

On the basis of total persons affected in the 399 water-borne out- 
breaks in the United States, the East North Central states had more 
illnesses reported than all the other regional groups together (see 
table 6-D). This resulted from the large number of persons affected 
in such notable outbreaks as Detroit, Michigan, in 1926; Salem, 
Ohio, in 1920; Charleston, West Virginia, in 1930; and Ft. Wayne, 
Indiana, in 1929. With only 20.61 per cent of the population in 
this group of states, the illnesses reported represented 65.6 per cent 
of all persons affected. The Pacific group was second in number and 
percentage of illnesses reported, largely due to the effect of the Santa 
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Ana, California, outbreak in 1924. The New England and South 
Atlantic groups were disproportionately high in the seven year period 
1930-36 compared with the population in the states included. For 
the greater period, the Mountain and West South Central groups 
were the two lowest groups in the percentage of illnesses reported. 


Distribution of Outbreaks by States 


Water-borne outbreaks were reported in 42 of the 48 states (see 
table 7-A). Those reporting no outbreaks were New Hampshire, 
Connecticut, Florida, Louisiana, Wyoming and Nevada. There 
were 230 outbreaks in the 1920-29 decade and 169 in the seven years 
1930-36. Pennsylvania was the ranking state in number of water- 

_ borne outbreaks.for both periods, having a total for the seventeen 
years of 60. This was equivalent to 15.0 per cent of all reported 
< outbreaks in the United States, nearly twice its percentage of the 
-_- population of the country, which was but 7.85. New York was in 
a second place with 30 outbreaks, Indiana third with 27, Maryland 
fourth with 26 and Illinois fifth with 22. Massachusetts, which 
reported no water-borne outbreaks in the decade 1920-29, was in 
_ third place in the seven year period 1930-36, inclusive. 
In Canada, six of the eleven provinces and territories reported 
outbreaks (see table 7-E). There was a total of 71 outbreaks, 38 
in the 1920-29 decade and 33 in the seven years 1930-36. Quebec 
~ was high during the early decade with 18 outbreaks and Ontario 
was next with 15. The other 5 were in New Brunswick. Ontario, 
which had 15 outbreaks in the 1920-29 decade, reported none 
during 1930-36. Conversely Alberta, British Columbia, and Mani- 
— toba, which reported no outbreaks in the earlier period, each ex- 
_ perienced one or more in the later term. 

Indiana was first in the number of typhoid fever cases reported 
for the seventeen years, with New York second (table 7-B). The 
1,478 cases from Indiana represented 11.7 per cent of the total ty- 

phoid fever cases reported, while in population that state had but 2.6 

m per cent of the total for the United States. For New York state, 
= these percentages were 10.5 and 10.25 respectively. In the 1930 
4 36 period, the number of typhoid fever cases was proportionately 
Jess than one-half that of the previous decade. Sixteen states did not 
report typhoid outbreaks for this later period. These states were 
Arizona, Arkansas, Connecticut, Florida, Georgia, Louisiana, Mon- 
tana, Nebraska, Nevada, New Hampshire, New Mexico, Oklahoma, 

~ Oregon, Rhode Island, Tennessee and Wyoming. 
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There was a total of 3,437 typhoid fever cases reported from 
Canada for the entire seventeen years. Quebec had the largest 
number with 1,558, Ontario was second and New Brunswick third. 

Only three Canadian provinces reported typhoid fever outbreaks 
for the 1920-29 decade (see table 7-E). Ontario had the largest 
number of cases, totaling 1,318. The Cochrane outbreak in 19230 © 
was responsible for 935 cases. Quebec was high for the 1930-36 
period with 530 cases. As in the United States, the number of 
typhoid fever cases reported for this later period was much less than 
in the previous decade, being only 17.7 per cent of the total. 

The number of states reporting diarrhea and dysentery outbreaks 
was considerably less than those reporting typhoid outbreaks (see 
table 7-C). For the entire period, only 24 states reported such 
illnesses. The larger outbreaks were in the decade 1920-29, which 
included those at Detroit, Michigan, in 1926; Santa Ana, California, 
in 1924; and Salem, Ohio, in 1920. The diarrhea and dysentery 
cases reported for the seven years, 1930-36, represented only 18.3 
per cent of the total and the outbreaks involved were confined to 
16 states. 

Michigan, California, Illinois and Ohio were the leading states in 
number of diarrhea and dysentery cases reported, reflecting the in- 
fluence of the Detroit, Santa Ana, Chicago and Salem epidemics. 
The Charleston epidemic caused West Virginia to lead all the other 
states for the 1930-36 period. 

In Canada, no diarrhea or dysentery outbreaks were reported for 
the decade 1920-29. The province of Quebec reported, in the 1930 
36 period, 3,470 illnesses of these types, of which 2,000 were bacillary 


dysentery cases in the St. Jerome de Matane epidemic of 1935. . 
Classification by Points of Pollution in Water Systems a 
In order to obtain information concerning the outbreaks in terms 


of major points where pollution of water supply systems occurred, 
seven group Classifications were established (see table 9-A). These 


were: 
A—surface water supplies 
B—underground water supplies 
C—reservoir and cisterns 


water purification 
F—distribution system 

collection and conduit system 


H—miscellaneous 
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The seventh classification ‘miscellaneous’ was necessary to in- 
clude outbreaks concerning which data were insufficient for classifi- 
cation elsewhere, others for which the cause was undetermined 
and two types not readily classifiable in the other six groups. Sub- 
classifications in each group gave a total of 31 individual causes for 


water-borne outbreaks (see table 10-A). : 

The classification into which the largest number of outbreaks in 
the United States fell was B—underground water supplies. This 
was to be expected for underground sources of supply are very 
numerous in this country, both for public and private water systems. 
There were 120 reported outbreaks classifiable under this general 
heading or 30.1 per cent of the total reported for the seventeen years y 
(table 9-A). The next highest group was A-—surface supplies 
totaling 96 or 24.1 per cent. In Canada, where untreated surface 
water supplies are not uncommon, there were more outbreaks in this 
group Classification than in any other—nearly one half of all reported. 

It is clearly evident from the data presented that there is need of — 
treatment of both ground and surface water supplies, at least dis- 
infection. 

Perhaps most significant from a public health standpoint were the 
number of outbreaks reported under classifications C, D, F, and G. 
The first three groups represent water which was presumably under 
the control of the water works officials, water ready for or actually 
in distribution to the consumer. Outbreaks in these three groups 
were responsible for 28.8 per cent of the outbreaks in the United 
States and 31.0 per cent of those in Canada. They caused 40.3 
per cent of the typhoid fever cases and 63.5 per cent of all illnesses 
reported in the United States. In Canada, these percentages were _ 
29.9 and 14.8 respectively. 

For the United States, it was necessary to classify one eighth of 


the 399 outbreaks in the H—miscellaneous—group, largely because : 
the epidemiological investigations were not sufficient to permit : 


making a satisfactory decision as to the cause. This was a re- 
grettable situation and indicates a need for more prompt and in- 
tensive engineering and epidemiological investigations of such out- 
breaks. Only by such procedure can health officials expect in the 
future to check, control and prevent such epidemics. 

A number of repeat outbreaks occurred at the same place and for 
the same cause; this is discussed more fully elsewhere in this report. 
Repeated exposure of citizens to infections from the same cause 
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must necessarily give rise for concern over the character of epidemio- 
logical work done and the effectiveness of subsequent follow-up 
procedures for protection of the public health. 

There can be no excuse for water-borne outbreaks resulting from 
improper operation of a water purification plant, or for failure to 
chlorinate a water supply known to be subject to contamination, 
especially when equipment for this service has been provided. There 
occurred, nevertheless, 63 outbreaks in the United States and 9 in 
Canada under just these circumstances, chiefly involving public 
water supplies. Over 21 per cent of the typhoid fever cases and 52.8 
per cent of all persons affected during the 399 outbreaks in the 
United States were the result of improper operation of water treat- 
ment plants or unsatisfactory chlorination (see tables 9-B, D). 
For Canada’s 71 outbreaks these percentages were 13.3 and 6.6 
respectively, but in this regard it must be remembered that in the 
Dominion there are fewer water treatment plants than in the United 
States. 

Contamination of water in distribution systems enroute to con- 
sumers caused 43 outbreaks in the United States and 11 in Canada. 
Over 90 per cent of these were due to cross-connections. There 
were 2,330 cases of typhoid fever in the United States caused by 
pollution in public water distribution systems. In Canada, 9.5 per 
cent of typhoid fever cases and the illnesses of 4.7 per cent of the 
total persons affected in. water-borne outbreaks were caused by 
contamination of the water in the distribution system. 

The elimination of water-borne outbreaks resulting from the inter- 
connection of polluted and potable water systems is one of the major 
problems facing water works and public health officials today. 

Pollution of collection and conduit systems caused 18 outbreaks in 
the United States, including 15.0 per cent of typhoid fever cases and 
11.9 per cent of all illnesses reported. In Canada, there were 6 
such outbreaks representing 8.4 per cent of typhoid fever cases and 
22.9 per cent of all illnesses. The use of auxiliary intakes in Canada 
during periods of cold weather, when ice troubles were experienced 
at the regular intakes, was responsible for many of these cases. 

Principal Causes of Water-borne Outbreaks 


United States 

Of the 31 different classified causes of water-borne outbreaks (see 
tables 10, 10-A, B, C, D), 8 were outstanding either for their fre- 
quency or the number of illnesses resulting. These were: 
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B-1. Surface pollution of shallow wells. 

F-3. Cross-connection with a polluted water supply. 

A-4. Contamination of spring or infiltration gallery by 
pollution on watershed. 

A-1. Contamination of a brook or stream by pollution 
on watershed. 

A-2. Use of polluted water from a river or irrigation 
ditch, untreated. 

D-2. Inadequate chlorination when the only treatment. 

D-1. Inadequate control over filtration and allied treat- 
ment processes. 


i-2. Seepage of surface water or sewage into gravity con- 
duit. 

B-1. The largest number of outbreaks was due to surface pollu- 
tion of shallow wells, totalling 52. Ten of these were in the state of 
Maryland and seven in Indiana (see table 8-A).._ There were 1,161 
eases of typhoid fever caused by drinking polluted water from shal- 
low wells. One outbreak at Taylorsville, Kentucky, in 1935 resulted 
in 186 cases and 16 deaths. The largest outbreak of acute diarrhe: 
from this cause was in 1928, at Ozark Beach, Missouri, a summer 
resort, when 2,000 cases were reported. In total persons affected 
this cause rated seventh. 

F-3. The second most frequent cause of water-borne outbreaks 
was “cross-connections with polluted water systems’ with 40 cases 
reported. This was the leading cause of typhoid fever cases, total- 
ling 2,122 or 16.9 per cent of all cases reported. It also rated fourth 
in total persons affected. The largest number of cross-connection 
outbreaks occurred in the state of Illinois where 8 were reported. 
New York had 7 cross-connection outbreaks, 6 of which occurred in 
the decade 1920-29. Four of the Illinois outbreaks were in the City 
of Chicago, including the amebic dysentery outbreak of 1933. 

The largest typhoid fever outbreak due to a cross-connection was 
at Winona Lake, Indiana, in 1925, when the water system to a 
Chautauqua camp meeting became contaminated, causing at least 
1,000 cases seattered throughout a score of states. Other large 
outbreaks from this cause were two at Ft. Wayne, Indiana, and one 
at Bloomington, Illinois, all three resulting from cross-connections 
in railroad shops. Of 32 outbreaks in industrial plants, 17 or 53.1 
per cent were the result of cross-connections. 

A-4. Contamination of springs or infiltration galleries by pollu- 
tion on the watershed caused 31 outbreaks, totalling 630 cases of 
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typhoid fever and 555 cases of diarrhea. Most of these outbreaks 
were in the small areas where raw water was being used without 
treatment, the largest number being in Pennsylvania, where 268 cases 
of typhoid fever occurred. There were 500 cases of diarrhea from 
this cause at two summer resort hotels in New York state. 

A-1. The contamination of surface streams by pollution on the 
watershed resulted in 27 outbreaks, 550 cases of typhoid fever and 
2,733 cases of diarrhea. The largest outbreak of this type was at 
Fitchburg, Massachusetts, in March, 1934 when, shortly after a 
large number of W.P.A. laborers had been assigned to work on the 
watershed of the public water supply, an outbreak occurred with 
over 2,500 cases of diarrhea. The water supply was not chlorinated. 

A-2. Although there were 25 outbreaks which resulted from the 
use of raw water from a polluted river or irrigation ditch, none of 
them was a large outbreak. Eighteen of these outbreaks were in 
the decade 1920-29, representing 522 of the 668 persons affected. 
Seven outbreaks were in California, with 4 each in Pennsylvania and 
West Virginia. 

Raw river water entering a shallow well at Boise, Idaho, in 1920 
caused one of the most severe outbreaks in this classification—40 
cases of typhoid fever with 11 deaths. Over a period of several 
months in 1930, there were 63 cases of typhoid fever in the Sacra- 
mento River Delta, the result of drinking sewage-contaminated 
water from a slough. Again in 1931, there were 26 more cases from 
the same cause. 

D-2, “Inadequate chlorination when the only treatment” was 
the cause of 23 outbreaks, of which 4 occurred in the state of West 
Virginia and 3 in Michigan. Six of the 30 largest typhoid fever 
outbreaks in the United States during the seventeen years were due 
to this cause. These were at Akron, New York; Chamberlain, 
South Dakota; Chicago, Illinois; Salt Lake City, Utah; Grafton, 
West Virginia; and Covington-Newport, Kentucky. They repre- 
sented 1,163 cases and 117 deaths —a tragic toll indeed for carelessness 
or incompetency. Many of these outbreaks were apparently due 
to ordinary carelessness in operation. In other cases, there was 
abnormal absorption of chlorine at times of heavy pollution with 
failure to detect this condition, suggesting a lack of proper control 
measures to assure maintenance of sufficient residual chlorine in the 
treated water for proper disinfection. 

Here again it is apparent that much more rigid supervision over 
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chlorination control practices is necessary at plants depending on 
this chemical alone for public health protection. In the light of 
past experiences, dependence at such plants on a single chlorinator 
‘an no longer be considered adequate public health assurance. 
Routine and reasonably frequent (especially during emergency 
periods) tests to determine the chlorine absorptive characteristics 
of the water to be treated are essential for proper control of the 
chlorine treatment. 

Seventeen outbreaks representing 594 cases of typhoid fever were 
caused when chlorination was discontinued for one reason or another, 
(D-3), thus permitting contaminated water to be sent to consumers 
without disinfection. Among the larger epidemics due to this cause 
were those at Pittsburg, California; Alpena, Michigan; and an un- 
named city ‘“N” in Pennsylvania. 

D-1. The most disconcerting feature of this entire study of water- 
borne outbreaks was the large number of outbreaks and cases of 
illness reported from communities where water purification plants 
had been provided which were not properly operated. There were 
22 outbreaks of this character, resulting in 649 reported cases of 
typhoid fever and 48,761 cases of diarrhea and dysentery. 

The largest outbreak was at Detroit, Michigan, in 1926, when, 
apparently as a result of heavy pollution of the Detroit river and 
inadequate treatment of this water at the filtration plant, contami- 
nated water entered the city mains causing acute gastro-intestinal 
disturbances in 45,000 to 50,000 citizens. The most recent outbreak 
of this kind occurred at Minneapolis, Minnesota, beginning in May, 
1935. There were 213 cases, 7 deaths, and an unknown number of 
eases of gastro-enteritis. Evidence points to the probability that a 
situation not dissimilar to that at Detroit occurred while the amount 
of chlorine used for disinfection was low. Other large outbreaks 
of this type occurred at Morrisville, Pennsylvania; Grand Forks, 
North Dakota; Seneca Falls and Mechanieville, New York; and 
Affinity and Williamson, West Virginia. 

Outbreaks of this kind in large cities with well equipped plants 
under technical supervision are serious challenges to the adequacy 
of our water safety control practices and warrant most serious de- 
liberation. They constitute a sharp warning which must be heeded 
if disastrous recurrences are to be prevented. Citizens, after paying 
the cost of constructing modern water purification plants, have a 
right to expect freedom from water-borne outbreaks in their com- 
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munities. The occurrence of such outbreaks is a distinct set-back 
to public health and water works progress. 

Of all the public utilities, none is more important than water 
supply, both from the standpoint of service and public health. The 
possibilities that exist for mass infection of the citizens of a modern 


= 


community through an error or carelessness in the operation of a 
water works plant are much greater than is generally realized. It 
is clearly evident that, if water-borne epidemics are to be avoided, 
water works operators and especially those assigned to treatment 
plants must be properly trained for their jobs and so disciplined in 
regard to their duties that they will be alert to meet all emergencies, 
It should be obvious to any responsible public official that a water 
purification plant is a vital unit in the public service of a community 
and as such should be operated by competent men under proper 
technical guidance. 

There is need for more effective co-operation between public health 
and water works officials in working out a control program for safe- 
guarding public water supplies, both under normal operations and 
during emergencies. Together, they can do much to educate the 
public and public officials to the necessity of employing trained water 
works officials, working under assured tenure of office, adequate 
salaries, and improved working conditions. Much has already been 
accomplished along these lines. 

G-2. Seepage of surface water or sewage into gravity conduits 
was the cause of the second largest number of typhoid fever cases 
and total number of illnesses reported. There were 13 outbreaks in 
this classification representing 1,814 cases of typhoid fever and 
9,540 cases of diarrhea. The classic outbreak of this group and one 
of the most disastrous water-borne outbreaks on record was at Salem, 
Ohio, in 1920 when 884 cases of typhoid fever with 27 deaths and 
over 7,000 cases of acute diarrhea occurred, following the leakage of 
sewage into a gravity tile pipe used in the public water system. 
Other large epidemics in this classification were those at Olean, 
New York; Brigham, Utah; Helena, Montana; Greenville, Illinois; 
and Grand Forks, North Dakota. 

The major causes of water-borne outbreaks in C 
cerned with the use of untreated surface supplies, the use of auxiliary 
intakes, the existence of cross-connections, and improper chlorination. 
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A large number of public and private water systems in the Dominion 
are supplied from surface sources without any treatment. This 
undoubtedly accounted for the large number of outbreaks in the three 
classifications of this particular group (A-1, A-2, A-3). They repre- 
sented 34 outbreaks or 47.9 per cent of the 71 Canadian outbreaks 
reported. In typhoid fever cases they totaled 2,018 cases or 58.7 
per cent of all such illnesses. 

The two largest Canadian outbreaks in which untreated surface 
water supplies were involved were the extraordinary bacillary dysen- 
tery epidemic at St. Jerome de Matane, Quebec, in 1935, resulting 
in 2,000 cases and 40 deaths, and the intensive typhoid fever epi- 
demic at Cochrane, Ontario, in 1923 for which 935 cases of typhoid 
fever and 70 deaths were reported. Others were at St. Leonard, 
Bathurst, and Edmundston, New Brunswick; and Potton, and 
Perce, Quebec. 

G-1. The use of auxiliary intakes, through which polluted water 
was drawn into water systems, caused 5 outbreaks of illness in 
Canada. All occurred in the winter months of February and March, 
usually due to ice difficulties with the normal source of supply. The 
largest outbreak of this classification was at Montmagny, Quebec, 
where, in February, 1934, 1,000 cases of dysentery developed when 
the regular supply of water from brooks was insufficient during the 
intensely cold spell and a supplemental supply was obtained from a 
polluted river. 

F-3. In common with the United States, Canada suffered the 
consequences of cross-connections between public water systems and 
polluted water systems. There were 9 reported outbreaks charge- 
able to cross-connections, resulting in 278 cases of typhoid fever. 
The largest was at St. Jerome, Quebec, in 1923, when due to a cross- 
connection between the public water system and another system 
supplied from a polluted river, contamination of the former supply 
took place causing 115 cases of typhoid fever with 4 deaths. 


Largest Water-borne Outbreaks 
United States 


In the 399 water-borne outbreaks reported, 86.2 per cent of the 
115,645 cases of illness occurred as a result of 33 epidemics in each of 
which 300 or more persons were affected (see table 11-A). Fifteen of 
these outbreaks involved 1,000 or more reported illnesses. Of the 10 
largest outbreaks in total persons affected, 8 were in the decade 
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1920-29 inclusive. Both of the other two were outbreaks of acute 
diarrhea, one at Charleston, West Virginia, and the other at Fitch- 
burg, Massachusetts. 

The fatality rate in 28 of the largest water-borne typhoid fever 
epidemics in the United States averaged 7.7 per cent of the cases, 

From the standpoint of deaths resulting, the Chicago amebiec 
dysentery epidemic of 1933 was the most disastrous with 98 deaths 
among 1,409 cases. In number of typhoid fever cases reported, 
the cross-connection outbreak at Winona Lake, Indiana, during the 
summer of 1925 was the largest. Unfortunately, no accurate record 
of deaths was reported for this epidemic. 

The Salem, Ohio, epidemic of 1920-21, resulting from leakage of 
sewage into a gravity tile pipe in the public water system, ranks 
first in general severity and in the percentage of the population made 
ill. This was one of the notable typhoid fever epidemics in the 
history of this country because of the suddenness of its onset, the 
alertness and promptness displayed in locating and stopping the 
pollution at its source, the control over cases by public health officials, 
and the character of the subsequent epidemiological investigation. 
In a population of 10,300, 76.5 per cent of the people were made ill. 
There were about 7,000 cases of acute diarrhea, 884 cases of typhoid 
fever and 27 deaths. The need for nursing and relief services was so 
great that the American Red Cross was called upon for assistance. 

Another very serious typhoid fever and dysentery outbreak oe- 
curred in Santa Ana, California in January and February, 1924. 
Here 48.2 per cent of a population of 21,500 was made ill including 
369 reported cases of typhoid fever with 28 deaths. The cause of 
this epidemic was the pollution of an air lift well by sewage whieh 
entered through a drain pipe directly connected to a public sewer. 

Akron, New York, experienced 284 cases of typhoid fever and 18 
deaths in 1926 because of insufficient and ineffective chlorination of a 
shallow well in limestone supplying water to one section of the village. 
Chamberlain, South Dakota, had an epidemic of 282 cases of typhoid 
fever with 29 deaths, which began about the middle of December, 
1932 and continued for over a month. It was apparently due to 
inadequate chlorination of highly polluted Missouri River water, 
which was the source of the public water supply. 

The Springfield, Missouri epidemic, which occurred during the 
summer of 1936, has many controversial points with reference to its 
origin. Officially 225 typhoid fever cases and 26 deaths were re- 
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ported as due to pollution of private wells. However, an unofficial 
investigator reported (10) from 20,000 to 30,000 cases of acute diarrhea 
also. There is some evidence that these cases, and at least part of 
the typhoid fever cases, may have been caused by pollution of the 
public water supply. 

An outbreak of typhoid fever in Brigham, in Utah, in 1920 
involving 230 cases of typhoid fever and 15 deaths was reported to 
have been caused under circumstances similar to those which re- 
sulted in the Salem, Ohio epidemic. Water flowing in a vitrified 
clay gravity supply pipe from a spring became polluted by the 
effluent from a septic tank. The Minneapolis outbreak of typhoid 
fever resulting in 213 cases and 7 deaths appears to have been due to 
inadequate chlorination at one of the city’s filtration plants, at a 
time when the water being treated was heavily polluted. At Helena, 
Montana there was an outbreak of 205 cases of typhoid fever and 
17 deaths when water from a 47-foot well flowing by gravity through 
a tile pipe line in a guleh apparently became polluted by sewage. 
A cross-connection in a railway shop was the cause of an outbreak 
of 200 cases of typhoid fever and 24 deaths at Bloomington, Illinois, 
in 1920. 

As stated above, the largest outbreak of diarrhea occurred in 
Detroit in 1920 when a heavily polluted volume of water passed 
through the city filtration plant at a time when chlorination was 
reported inadequate. The next reported large outbreak of gastro- 
enteritis, but involving no cases of typhoid fever, was at Charleston, 
West Virginia, in November, 1930. Unusual biological conditions 
in the Ohio river basin, during the drought period of that year, are 
considered to have been responsible for these illnesses. Although 
the water at Charleston was filtered and chlorinated at the time, it 
had a very objectionable taste due to decomposition of algae and 


other biological growths. Similar objectionable conditions developed 
in the public water supplies of other cities such as Ashland and 
Louisville, Kentucky; and Portsmouth and Cincinnati, Ohio. 

A cross-connection outbreak in Ft. Wayne, Ohio, in 1929 caused 
over 5,000 cases of diarrhea and 53 cases of typhoid fever with 3 
deaths. A similar but more disastrous outbreak occurred in the 
same city in 1923, resulting in 140 cases of typhoid fever and 24 
deaths. The Fitchburg, Massachusetts, outbreak of 2,500 cases of 
diarrhea has already been discussed. In Hillsboro, Ohio, in January, 
1921, the use of an auxiliary intake was the probable cause of over 
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2,000 cases of gastro-enteritis with 12 cases of typhoid fever. Other 
large outbreaks of diarrhea, but not involving typhoid fever cases, 
were at Ozark Beach, Missouri (1928), and at Charleston and 
Greenville, Illinois, in 1925. 


Canada 


The fatality rate of six of the ten largest typhoid fever outbreaks 
in Canada was 7.6 per cent, practically the same as among the largest 
epidemics in the United States. 

The largest water-borne outbreak in Canada for the seventeen 
year period was the bacillary dysentery (Flexner type) at St. Jerome 
de Matane in the Province of Quebec in February, 1935 (see table 
11-A). The toll of this epidemic was about 2,000 cases of dysentery 
with 40 deaths. The severity of this outbreak may be judged from 
the fact that over 40 per cent of the population was made ill. In- 
vestigators report the finding of an active carrier of Flexner’s bacilli 
among a labor party employed in lowering the intake pipe at the 
lake used as the source of the city’s water supply. Sanitary con- 
ditions were not good at the labor camp which, however, was not on 
the water shed. It is believed that fecal matter was transmitted 
on the boots of laborers and polluted the lake in the immediate 
vicinity of the supply pipe intake. 

One of the most notable public health calamities in the history of 
Ontario was a water-borne outbreak of typhoid fever at the town 
of Cochrane in the spring of 1923. There were 935 reported cases 
and 70 deaths. The public water supply, which was obtained from 
one of a series of lakes and delivered to consumers without any 
subsequent treatment, was polluted by water from a second lake 
into which sewage was discharged. Due to ice conditions, the eleva- 
tion of the water in the latter lake became higher than that in the 
one used as the source of the town’s water supply and the polluted 
water flowed into the public reservoir. To aid in controlling this 
epidemic and to render much needed relief to victims, the Canadian 
Red Cross was called into service. 

At Ste. Scholastique, Quebec, a village of less than 800 population, 
there occurred in October, 1931, a sharp epidemic of typhoid fever 
resulting in 200 cases with 20 deaths. This was the largest outbreak 
of typhoid fever in the 1930-36 period. A drain, which had formerly 
served as an overflow from a water reservoir, was, according to re- 
ports, used as a sewer drain serving several houses. In one of the 
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} houses there was an active case of typhoid fever. Pollution from 
' the sewer apparently entered the reservoir and as a result typhoid 
| fever organisms were promptly transmitted through the public 


water system to over one quarter of the citizens of the village. The 
penalty at Pointe-a-Gatineau, Quebec, for having a chlorinator out 
of order when a break occurred in a water intake, thus allowing pol- 


s luted river water to enter the system without disinfection, was an 
t epidemic of 200 cases of typhoid fever with 9 deaths. This outbreak 

occurred in August, 1929. At St. Leonard, New Brunswick, in 
n November 1927, there was an outbreak of 200 cases of typhoid fever 
r caused by drinking polluted water from the St. John river. The use 


of an auxiliary intake in a polluted river was reported as the probable 
cause of 160 typhoid fever cases at Terrebonne, Quebec, in March, 
n 1920. 


\- The largest outbreak of acute diarrhea reported from Canada 
li occurred at Montmagny, Quebec, in February, 1934. More than 
e 1,000 cases of illness were included in this outbreak which also 
\- resulted from the use of polluted river water through an auxiliary 
n intake. This intake was used to supplement the regular source of 
d supply which had become inadequate due to freezing of the river. 
ie 


Significant Features of Large Water-borne Outbreaks 
of Percentage of Illnesses—U nited States - 


ba The highest percentages of illness among persons exposed to con- 
~ taminated water supplies were in the outbreaks of diarrhea reported. 
= At a public school in Edgewood, Indiana, in December, 1931, of 425 


teachers and children at the school, 390 or 91.8 per cent were made 
- ill. A drilled well serving the school had not been sealed properly 
at the top and sewage leaked into it. In an outbreak at Yorkville, 


he Illinois, in October, 1928, there developed 400 cases of diarrhea among 
ed a population of 500 when the waters of a polluted river flooded an 
- area over the collecting galleries for the public water supply, which 
- was not chlorinated. This was 80.0 per cent of the persons exposed. 

In the Salem, Ohio, epidemic, 76.5 per cent of the population was 
m made ill. At Greenville, Illinois, in January, 1925, a situation similar 
; to that at Salem caused 2,000 cases of diarrhea among a town 
ak 


population of 3,100 or 64.5 per cent illness. Here there was a leak- 
ly age of sewage into a nearby gravity line made of tile pipe, which 
carried water from a drift well to a collecting reservoir. 

In the typhoid fever outbreaks, the percentage of cases to persons 
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exposed was, of course, much lower than in the diarrhea outbreaks. 
Among 339 pupils and teachers at the Winston Consolidated School 
in Missouri in May, 1929, there developed 82 cases of typhoid fever 
with 3 deaths, or 24.2 per cent infection when seepage from the school 
toilets polluted a shallow well used for supplying water. 

In a population of 400 at Coalwood-Caretta, West Virginia, 85 
typhoid fever cases occurred, or 21.2 per gent, when in April, 1929 
the people obtained water from polluted springs and streams be- 
cause of an objectionable taste in the regular supply from a deep well. 
There were six fatal cases. The Chamberlain, South Dakota, and 
Akron, New York, typhoid epidemics previously mentioned caused 
illness among 18.4 and 13.5 per cent of the respective populations 


exposed. 
‘ 


Percentage of Illnesses—-Canada 


The highest incidence of illness from drinking contaminated water 
was at a tourist camp at Perce, Quebec, in August, 1936, where 
there were 150 cases of acute diarrhea among a population of 300. 
The cause of this outbreak was the pollution of a well by a nearby 
septic tank. At St. Ours, Quebec, in February, 1934, there was 
an outbreak of 300 cases of diarrhea or 48.8 per cent of the popula- 
tion. This water supply became contaminated when an auxiliary 
intake was put into service during a cold spell. The St. Jerome 
de Matane, Quebec, bacillary dysentery outbreak previously men- 
tioned had a case incidence of 42.0 per cent. 

There were three Canadian typhoid outbreaks all discussed else- 
where in this report where the number of cases reported was ap- 
proximately one-fourth of the population. These were at Cochrane, 
Ontario (26.7 per cent); Ste. Scholastique (25.3 per cent) and Potton 
Township, Quebec (24.9 per cent). 


Causes of the Largest Water-borne Outbreaks 


Of the 33 largest water-borne outbreaks in the United States in 
each of which 300 or more persons were made ill, 17 or 51.5 percent 


were due to the following causes: 
No. of 
D-2. Inadequate Chlorination—When the Only Treatment. 5 
F-3 Cross-Connection with a Polluted Water Supply. . 5 


D-1. Inadequate Control Over Filtration and Allied Treatments. 4 
G-2 Seepage of Surface Water or Sewage into a Gravity Conduit. 3 
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OUTBREAKS 

In Canada, there were 9 outbreaks each resulting in illness among 
150 or more persons. These accounted for 74.1 per cent of the 
total persons affected in all outbreaks. Five of these outbreaks or 


55.6 per cent were due to two causes: 7 
No. of 
Cause Outbreaks 
G- Use of an Auxiliary Intake to a Polluted Source... .... 3 


A-3 Use of Polluted Lake Water Untreated. ..........._... 2 


TABLE (a) 


GROUP LARGEST TYPHOID FEVER LARGEST OUTBREAKS IN 
OUTBREAKS TOTAL PERSONS AFFECTED 
Under 1,000 4 
1,001 to 5,000 8 
5.001 to 10,000 fe. 4 
10.001 to 25.000 4 
25.001 to 50,000 3 
50,001 to 100,000 2 . 
” 100,001 to 500,000 
500,001 to 1,000,000 


Twenty-four or 80.0 per cent of the 30 largest typhoid fever 
outbreaks in the United States were due to the following 6 causes: 


No. of 
Cause Outbreaks 
D-2. Inadequate Chlorination—When the Only Treatment 6 
G-2 Seepage of Surface Water or Sewage into a Gravity Conduit... 
F-3 Cross-Connection with a Polluted Water Supply....... 4 
B-1 Surface Pollution of Shallow Wells.................... - 


D-1 Inadequate Control over Filtration and Allied Treatments. . 3 
D-3. Interruption of Chlorination—When the Only Treatment... 3 


Of the 10 largest Canadian typhoid fever outbreaks, 6 were due to 


the following causes: 
No. of 
Cause Outbreaks 
A-1. Contamination of a Brook or Stream by Pollution on the | 
Water Shed 2 
 A-2. Use of Polluted Water from a River or Irrigation Ditech Un- 
i 
treated 2 
Interruption of Chlorination—When the Only Treatment... 2 ' 


These summaries of major causes of large water-borne outbreaks 
tell thei ‘ir own story of whe ‘re public health and water works officials 
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in both countries could, to advantage, exercise more strict super- 
vision over public water supplies. 


a Distribution of Largest Outbreaks by Population Groups 

a In the United States, there were more large typhoid fever epidemics 
and outbreaks involving diarrhea, dysentery and typhoid fever in 
cities of the 1,000 to 5,000 population group than in any of the others, 
Table (a) is a comparison of these outbreaks by population groups. 


Group Outbreaks of Special Significance ° 
It was found on analysis that nearly two-thirds of the persons 
affected by water-borne outbreaks in the United States had used 
water from supplies of the following six groups: (see table 12). 


No. of 
Outbreaks 
1. Cities and Tewns Having Water Treatment Facilities 92 
3. Summer Resorts and Recreational Places................. 22 


These represented 42.4 per cent of the total of 399 outbreaks re- 
ported for the seventeen years. They included over 50 per cent 
of the typhoid fever cases, approximately the same percentage of 
deaths and two-thirds of the diarrhea and dysentery cases. 

In table 12 are listed in order of their frequency the causes of the 
169 water-borne outbreaks in these six special groups. Here, again, 
ineffective control of cross-connections and improper operation of 
water treatment plants loom up as the major contributory causes 
of illness. They were responsible for 94 of the 169 outbreaks. 
Cross-connection with polluted water systems was the principal 
cause, being responsible for 36 separate outbreaks. —_ 


Of the 92 water-borne outbreaks in cities or towns having water 
treatment facilities, 52 resorted to chlorination alone for public 
health protection. Thirty-eight others filtered their water supplies 
(with or without chlorination) and two depended on partial clarifica- 
tion by sedimentation with or without chemical coagulation (se 


table 12-A). 


1. Cities and Towns Having Water Treatment Facilities 
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These outbreaks were distributed by population groups as shown 


in table (b). 

OUTBREAKS 
POPULATION GROUP 
Number | Percentage 
Under 1,000 9 9.8 
1.001 to 5,000 21 22.8 
5,001 to 10,000 19 20.7 
10,001 to 25,000 16 = 17.4 
25,001 to 50,000 5 
50,001 to 100,000 - 8.7 
100,001 to 500,000 “ 
500,001 to 1,000,000 0 0.0 
Over 1,000,000 7 7.6 
TABLE 
FILTRATION WITH 
CLASSIFICATION CHLORINATION OR WITHOUT COAG. AND BED. TOTAL 
CHLORINATION 
A-2 0 
\-4 0 
B-5 0 1 
2 0 
0 20 
2 IS l 
3 15 l 0 
4 0 l 0 1 
F-3 9 6 0 5 
4 1 0 0 1 
H-2 2 0 0 2 
3 2 2 0 4 
0 0 2 
G-1 0 l 0 l 
2 0 4 0 4 
Total 52 38 2 92 


This clearly indicates the need for closer supervision over water 
treatment methods in cities, especially in the 1,000 to 25,000 popu- 
lation range. 
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The causes of these outbreaks were distributed according to the 
standard classification as given in table (c). 
The number of cases of typhoid fever, diarrhea and dysentery were 
distributed according to the standard classification as shown in 


table (d). 


Industrial Plants 


There were 32 water-borne outbreaks ‘involving employees at 
industrial plants (see table 12-B). They included 2,615 cases of 


TABLE (d) 


FILTRATION WITH 
CHLORINATION OR WITHOUT COAG, AND SED. TOTAL 
CLASSIFI- CHLORINATION 


CATION 
Typhoid | Diarrhea Typhoid Diarrhea Typhoid Diarrhea (Typhoid Diarrhea 

Fever Dysentery Fever Dysentery Fever Dysentery Fever Dysentery 

A-2 0) 0) 0) 26 18 0 18 26 
A-4 10 0 0) 0 0) 0) 10 () 
B-5 0 0 225 0 0 0 225 0 
C-1 9 34 0 0 0 34 
D-1 0 0 «48,661 100 0 649 48,661 
2 1,380 2, 282 16 i) 0 0 1,396 2, 282 
3 563 60 130 0 0 oO 693 60) 
4 0 0 0 6,500 0 0 6,500 
F-3 169 1,697 127 80 0) 0) 296 1,777 
4 148 500 0 0 0 0) 148 500 
H-2 69 330 0 0 0 0) 69 330 
: 20 500 23 245 0 0 43 745 
4 30 0 0 0 0) 0 30 0 
G-1 0 0 14 300 0 0 14 300 
0 0 359 300 0) 359 300 
Total | 2,398 5,403 1,443 | 56,112 118 0) 3,959 61,515 


diarrhea and dysentery and 795 cases of typhoid fever with 90 deaths. 
The principal cause of these outbreaks was cross-connections between 
a polluted water supply system and one used for drinking purposes. 
There were 17 of these representing 53.1 per cent of this entire 
group. The largest outbreak was the one at the railroad shop in 
Bloomington, Illinois, in 1920. Several were in food processing 
plants including canneries, a dairy, a bakery, and a candy factory 
The total number of illnesses in this group due to cross-connections 
was 2,312 of which 489 were typhoid fever cases and 1,823 cases of 
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diarrhea or dysentery. There were 60 deaths. This is a strong 
indictment of carelessness in piping arrangements and operating 
practices in these plants. 

Four outbreaks resulted from persons drinking water known to 
have been polluted and not intended for drinking purposes. These 
unfortunate circumstances caused 692 cases of acute diarrhea and 
152 cases of typhoid fever with 20 deaths. 

In Canada, there were 5 outbreaks involving industrial plants and 
they resulted in 80 cases of typhoid fever with 6 deaths. Four were 
cross-connection outbreaks. 


3. Summer Resorts and Recreational Places 


In the United States, there were 22 water-borne outbreaks at 
summer resorts and recreational places such as parks and_ picnic 


grounds, including one each at a roadhouse and barbecue (see table 
12-C). In two instances, there -were duplicate outbreaks at the 
same place and from the same cause. These were at Herington, 
Kansas, (1923 and 1933) and at Grand Marais, Minnesota, (1933 
and 1934). Seven outbreaks were at summer hotels in New York 
state, all reported in 1936. 

There were 4,163 illnesses in this group, 2,905 of diarrhea and 1,258 
of typhoid fever with 15 deaths. The largest typhoid outbreak was 
at the Winona Lake, Indiana, Chautauqua camp-meeting in July 
1925, due to a cross-connection. The largest epidemic of diarrhea 
was at Ozark Beach, Missouri, in the summer of 1928, when 2,000 
persons were made ill as a result of drinking water from polluted 
shallow wells. 

The distribution of these outbreaks as to cause and types of ill- 
nesses Was as shown in table (e). 

There was one outbreak of this character in Canada. It was 
at a tourist camp in Perce, Quebec, in 1936, resulting in 150 cases of 
diarrhea, and caused by drinking spring water polluted by leakage 
from a nearby septic tank. 


4. Schools and Colleges 


Kleven water-borne outbreaks were reported in the United States 
at public and private institutions of learning (see table 12-D). The 
incidences of illness in several were very high, as at the Edgewood 
School in Indiana (1931) and the Consolidated School at Winston, 
Missouri (1929), previously discussed. There were 470 cases of 
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diarrhea, 212 cases of typhoid fever and 12 deaths reported as a 
result of these school epidemics. The jaundice outbreak of 28 cases 
in a school at Smolan, Kansas, in 1935 was a unique water-borne 
infection. 

The leakage of sewage into surface wells was the principal cause of 
these outbreaks. It is very apparent that school and public health 
officials need to give more consideration to providing safe water and 
proper systems for disposal of sewage at. public schools, especially 
in rural areas. Table (f) summarizes the number of outbreaks and 
types of illness reported by causes. 


5. Other Institutions 


In the United States and Canada together, there were 11 institu- 
tional outbreaks, 8 of which were in the “‘States.’”’ These included 


TABLE (e) 


CASES 

Typhoid Fever | Pitrrhed and Total 
A-4 6 142 500 642 
H-2 6 14 68 82 
B-1 3 0 2,112 2,112 
A-1 2 39 0 39 
B-6 2 di 200 244 
F-3 2 1,012 25 1,037 
H-3 1 7 0 7 
22 1,258 2,905 4,163 


such institutions as sanitaria, a jail, a convent, an Indian reservation, 
and institutions for the aged and feeble-minded. All but one were 
typhoid fever outbreaks. The largest was in Iowa at the Polk 
County Farm in 1935, where, as a result of a clogged drain, sewage 
flooded a sub-basement and entered into the top of a well. There 
were 38 cases of typhoid fever with 4 deaths. At a convent in 
Indianapolis, there was a cross-connection between a private water 
supply serving a “frost proof’ toilet and the local water system, 
protected only by a check valve. When this valve leaked, con- 
tamination of the water system occurred and as a result there were 
30 cases of typhoid fever in the convent with 1 death. A third sharp 
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institutional outbreak occurred at the Fort Berthold Indian Reserva- 
tion in North Dakota, where polluted water was supplied from 
shallow wells. This epidemic resulted in 28 cases of ss fever 
with 2 deaths. re 


TABLE (f) 
| CASES 
CLASSIFICATION OUTBREAKS 
\Typhoid Fever Jaundice | Total 
B-1l 3 118 0 0 118 
B-8 y 0 420 0 420 
 -Be4 l 0 0 28 28 
B-6 ] 16 50 0 66 
0 0 8 
D-3 ] 15 0 0 15 
H-2 ] 5 0 0 5 
H-3 1 50 0 0 50 
Totals. ... ll 212 470 28 710 
TABLE (g) 
CASES 
iarrhea an 

Fever | Dysentery Total 

2 37 0 37 

2 47 0 47 

2 38 0 38 

1 18 0 18 

1 bo 35 35 

1 0 11 

1 0 10 

1 17 0 17 

Totals. 11 178 35 213 


The 3 Canadian outbreaks were not large ones, totaling 28 cases 
of typhoid fever including 3 deaths. The largest at Ste. Genevieve, 
Quebec, in May, 1934, was at a private institution serving about 
100 persons. River water was filtered through pressure filters and 
then treated by ozone for disinfection. The outbreak occurred 
following a period when the ozonator was out of order. An outbreak 
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of nine cases—two fatal—occurred at an institution in Selkirk, Mani- 
toba, in the spring of 1934. As the result of a thaw, the drainage 
system became flooded and sewage backed up in the basement where 
it entered a well through a casing which was open at the top and had 
been cut off below flood level. At the place where the third Canadian 
institutional outbreak occurred, two water systems were maintained, 
One was for domestic service and the other for sanitary purposes 
only, the latter being from a polluted, source. They were cross- 
connected when the pump on the domestic well supply was out-of- 
order and as a result of drinking polluted river water, 8 persons con- 
tracted typhoid fever. 

Table (g) is a summary of the cause and types of illness resulting 
from these 11 institutional outbreaks in the United States and 
Canada. 


6. Employee Camps 


There were 4 water-borne outbreaks reported at employee camps 
in the United States and 1 in Canada. They included 350 cases of 
diarrhea, 62 typhoid fever cases and 5 deaths (see table 12-F). 

The two largest outbreaks were in Federal C.C.C. camps. One, 
at Marseilles, Illinois, in July, 1933, was caused by a cross-connection 
to the public water system in the branch main supplying this camp. 
Apparently the contamination occurred when the pressure in the 
main to the camp was low. A very severe outbreak involving 150 
cases of dysentery, 28 cases of typhoid fever and 4 deaths occurred at 
a C.C.C. camp near Ely, Minnesota, in December, 1935. Practically 
all of the 195 persons at the camp were ill. The camp was on a 
ledge of rock and its water supply was obtained from a drilled well. 
There was considerable blasting in the vicinity and it was the belief 
of investigators that the water supply probably became polluted by 
sewage seeping through a fissure in the rock substrata and into the 
water-bearing area serving this well. 

There were two outbreaks in lumber camps, one at Lewis City, 
Washington, causing 7 cases of typhoid fever and another at Riviere 
du Lievre, Quebec, resulting in 10 cases of typhoid fever with | 
death. At a pea pickers camp at Imperial, California, in January 
1933, there was an outbreak of 17 cases of typhoid fever apparently 
caused by using polluted water from an irrigation ditch. 
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During the seventeen year period 1920-36, there were 22 communi- 
ties in the United States and 3 in Canada which experienced more 
than one water-borne outbreak (see table 13). 
breaks were reported from 6 American cities, as shown in table (h). 


Three or more out- 


Four of the six Chicago outbreaks were due to cross-connections. 


Another in 1923 occurred apparently because of inadequate chlorina- 
4 


rr 
cITY STATE NUMBER OF OUTBREAKS 
Chicago Illinois ) 
Herington Kansas 
Westernport Maryland er 3 
Grand Forks North Dakota : 3 
Sturgeon Bay Wisconsin 3 
TABLE (i) ‘ 
cIry STATE OR PROVINCE YEAR OF OUTBREAK 


Grand Forks 

East Liverpool 
Sturgeon Bay 
Wausau 


Raymond 


tion. 


mentioned where firemen and spectators drank water not intended 


for drinking purposes. 


Two of the Fort Wayne outbreaks were due to cross-connections 


North Dakota 
Ohio 


Wisconsin 
Wisconsin 


Alberta 


Talladega Alabama 1921, 1923 
 Isleton California 1930, 1931 
Wayne Indiana 1923, 1929 
Seymour Indiana 7 rn 1931, 1932 
Herington Kansas 1922, 1923, 1933 
Grand Marais Minnesota 1933, 


1928, 
1920, 
1921, 
1923, 
1930, 


The sixth was the Union Stockyards epidemic previously 


1934 
190 
1921 
1924 
1931 


with the public water system at railroad shops. The cause of the | _ 
third outbreak was never definitely determined. : 
The Herington, Kansas, multiple outbreaks were all due to drink- 
ing water from a spring in a public park. At Westernport, Maryland, 
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2 of the outbreaks were due to improper attention to disinfection of 
. the water supply. The third was caused by drinking water from a 
7 private well contaminated by a typhoid fever carrier. 

a Two of the three Grand Forks, North Dakota, epidemics were re- 
ported to have been caused as the result of excessive pollution of the 
raw water to the filter plant, due to a break in a suction line as it 
a crossed a polluted stream. In all three outbreaks, however, im- 
proper operation of the filtration plant through overloading was re- 
ported. All three of the Sturgeon Bay, Wisconsin, outbreaks were 


TABLE 4j) 


CLASSIFICATION* NUMBER OF OUTBREAKS 


* See table 10-A for explanation of classifications. 


caused by contamination of shallow wells in creviced limestone by 
sewage. In the case of two outbreaks within the city limits, leakage 
from a public sewer serving a hospital where typhoid fever cases 
were being treated was found to have entered a shallow well. 
Circumstances which appeared to be contributory to multiple out- 
breaks were the same, or quite similar, in the communities shown in 
table (i). 

Table (j), a classification of the causes of the 25 American and 
Canadian multiple water-borne outbreaks in the same community, 
brings out some very interesting and signifa ant facts. 


A-1 
= 
( 
+ 
a 
a 
Cé 
a] 


VOL. 31, NO. 2] WATER-BORNE OUTBREAKS 269 

_ This summary again emphasizes the public health aspects in water 
a works practice of cross-connections, laxity in operation of water 
treatment facilities and the use of surface and well supplies without 
- proper purification. Repeat epidemics of this kind indicate both a 


e need for more rigid supervision by water works and public health 
it officials and greater general enlightenment of the public in regard to 
\- the hazards to their community of permitting unsatisfactory condi- — 
= tions to exist in the administration of their water ie one 
e 
Outbreaks of Unusual Character 


7 4 Fairmount, North Dakota, April, 1923. Water and sewer pipes 
were laid in the same trench alongside railroad tracks. Vibrations 
- due to the passing of trains caused leakage from the sewer and this 
pollution entered the water main at a time of no pressure. There 
were 47 cases of typhoid fever and 3 deaths. 

Springfield, Ohio, August, 1928. The outbreak was at a large steel 
foundry of 1,500 employes. A deep well in limestone which had been 
§ used for years for drinking purposes and had been free of bacterial 
contamination suddenly became polluted. This incident occurred 
following an extended period of wet weather. There were 37 cases of 
typhoid fever and 4 deaths. 

Fond du Lac, Wisconsin, October, 1929. While a river channel was 
being re-located, an abandoned deep well was destroyed. The well 
cavity, however, had not been plugged. When the river was diverted 
into the river channel, pollution entered through the old well cavity 
-= and contaminated the water bearing strata serving wells from which 
the public water supply was obtained. The distance from the aban- 
doned wells to the city wells was about 800 ft. This water-borne 
outbreak resulted in 50 cases of typhoid fever and 3 deaths. 


by Albany, New York, April, 1924. A gravity conduit of steel for 
ge conveying filtered water to the city had been laid in the bed of an 
Ses abandoned canal. Leaks developed in the conduit and polluted 

water which had collected in the old canal bed entered the water 
ut- main. The result was an outbreak of 114 cases of typhoid fever 
in with 14 deaths and a large but unknown number of cases of gastro- 


| enteritis. 

Englewood, New Jersey, August and September, 1936. Forty-four 
ty, cases of typhoid fever and 5 deaths were reported among persons who 
apparently were infected under most unusual circumstances. A 
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pipe line from an underground spring lead to the roadside and was 
used as a supply for drinking water. Between the spring and the 
road there were open joints in the supply pipe. An investigation lead 
to the conclusion that rodent holes in the soil established a route for 
surface pollution to reach the open jointed pipe and contaminate the 
water supply. 

Tazewell, Tennessee, October, 1934. An outbreak of diarrhea was 
peculiarly limited to newcomers in the town. It is estimated that 
about 100 persons were made ill. The source of the public water 
supply was a spring and investigators report that chlorination as 
practised was unreliable. 

U’. S. Dredge Cahaba. 
working on the Mississippi river at Minneapolis, were supplied with 
distilled river water for drinking water. A defect in the still per- 
mitted polluted water to enter the drinking water storage tank and 
caused 13 cases of typhoid fever among 38 employees. 

Outbreak Among Circus Employees, July and August, 1934. 


This vessel and Quarter Boat 512, while 


There 
occurred an explosive outbreak of ‘‘winter-cholera’’ and typhoid 
fever among employees of the Ringling Brothers, Barnum and Bailey 
Circus. Of some 1,400 employees, 141 were hospitalized in 19 
different cities of nine mid-western states, and 74 were proven to be 
typhoid fever cases. Investigators (16) concluded that the facts in- 
dicated a water-borne infection while the circus was touring, probably 
somewhere in western Pennsylvania. The largest number of cases 
hospitalized was at Detroit, Michigan, during the third week of July, 
totalling 68 of which 40 were proven to be typhoid fever cases. 

Wading or Swimming in Polluted Water. Four outbreaks were 
reported (mostly among children) where infection was attributed to 
swallowing polluted water during bathing or wading. These out- 
breaks were at Hartford City and Oaktown, Indiana; Ben Lomond, 
California; and in a small unnamed village in British Columbia. 
The total number of cases of typhoid fever involved was 41. The 
largest number for any outbreak was 20 at Hartford City. 


Damage Suits Resulting from Water-borne Outbreaks 
The attitude of the courts toward the award of damages against 
private and public corporations found responsible for illness resulting 
from pollution of water supplies has been decidedly in favor of the 
plaintiffs. In several instances, the damages awarded were high. 
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TABLE (k) 7 
cITY STATE OR PROVINCE 
Bloomington Illinois 1920 Insurance Company 
iverett Washington 1923 City 
Ft. Wayne Indiana 1923 _ City and Railroad “4 
Albany New York 1924 | City 
~ Owen Sound Ontario 1925 City 
' Ft. Wayne Indiana 1929 City and Railroad 
Olean New York 1929 City 
Ogden Utah 1929 City 
Junction Texas 1929 Private Company | 
Chicago Illinois 1933 Hotel Company 
~ Chicago Illinois 1933 Manufacturer 
— Winooski Vermont 1934 City 
Springfield Missouri 1936 Private Company 
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The Ohio Court of Appeals (1921) and the Mie higan Supreme Court 
(1923) have held that typhoid fever contracted by an employee from 


drinking impure water supplied by the employer is a compensatable — 
accident within the meaning of the Workmen’s Compensation Act. 
Many suits were settled out of court, as in the case of the Chicago | 
amebie epidemic of 1933 and the Springfield, Missouri, 
outbreak of 1936. 
Of joe interest was the case of Olean, New York, where, in order 
that the city might pay the cost of the water-borne typhoid fever 
epidemic of 1929, it was necessary to obtain special authority from 
the State Assembly to issue bonds to the amount of $350,000, payable | 
from taxes over a period of 20 years. . 


In Canada, a Supreme Court justice in awarding damages to a 
plaintiff who had contracted typhoid fever at Owen Sound, Ontario, 
severely rebuked the city officials for negligence in not taking proper 
precautions to safeguard the public water supply. 

Two railroads and the city of Ft. Wayne, Indiana, jointly paid 
damages awarded as a result of suits arising out of the two cross- 
connection epidemics in that city, one in 1923 and the other in 1929. 

Below is a list of places where water-borne outbreaks occurred, as a 
result of which damages are reported to have been paid, with or with- 
out litigation. This list given in table (k) is known to be quite in- 

complete. 
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Conclusions 


1. While the 399 water-borne outbreaks in the United States and 
the 71 in Canada discussed in this monograph for the seventeen 
year period 1920-36 inclusive are known to be incomplete (both as to 
actual number of outbreaks which occurred and total illnesses re- 
ported) it is believed they are reasonably representative and that con- 
clusions may be drawn from analyses of the statistical data reported, 
which are indicative of the facts. 

2. Although the remarkable decline in typhoid fever death rates 
for both countries during the period 1920-36 is most encouraging, 
it should not lull the public and especially water works and public 
health officials into a false sense of security, for during this period 
many large and disastrous water-borne outbreaks occurred which 
_ were easily preventable if more strict supervision had been given to 
eliminate known and potential pollutional hazards. 

3. During this period some of the most disastrous water-borne 
- outbreaks in history occurred, necessitating medical aid and eco- 
nomic relief from Red Cross agencies in both countries. 

4. The effect of unusual weather conditions as major influences 
in the pollution of water supplies is pointedly brought out in the 


epidemics reported. However, it is striking how effective prompt | 
and intelligent control methods applied by public health and water 
\ 


_ works engineers were in preventing water-borne epidemics in the face 
of most severe weather conditions and extreme pollutional hazards. é 
5. The “human equation,” as a contributory factor in water-borne 
outbreaks, is vividly portrayed in altogether too many instances, 
especially in cities equipped with water purification facilites capable 
of preventing water-borne infections. 
In addition to more than 16,000 illnesses of water-borne typhoid = 
fever and over 100,000 cases of gastro-enteritis during this period, 


over 2,000 cases of bacillary dysentery, 1,423 cases of amebic dysentery 7 

and 28 cases of Jaundice were reported. The occurrences of water- b; 
reg borne amebic dysentery and jaundice were unique in water supply 

public health history. pl 

There were a number of outbreaks of which epidemiological and fo 

iliac investigations indicated probable water-borne infections be 

but where bacterial analyses (according to Standard Methods) of . 

water samples collected in the area affected showed little or no evi- in 

an 


dence - contamination by typical sewage organisms. Several of 
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these epidemics were in cities where filtration or chlorination of the 
water was practiced, and circumstances seem to indicate a possibility 
that a more sensitive pollutional index may be needed in connection 
with water purification and control procedures. 

8. A need for more prompt and complete engineering and epi- 
demiological investigation of water-borne outbreaks in both coun- 
tries was indicated. 

9. Forty-six and one-half per cent of the water-borne outbreaks for 
the seventeen years occurred in the Middle Atlantic and East North 
Central states, while in Canada 40 of the total of 71 outbreaks oc- 
curred in the province of Quebec. 

10. Over 30 per cent of the outbreaks in the United States occurred 
where the water supply was from underground sources—largely 
shallow wells. In Canada, 49.3 per cent of the outbreaks was due to 
the use of polluted surface waters without treatment. 

11. In both the United States and Canada, there appears to be 
need for more strict supervision and control over the quality of public 
water supplies of the smaller communities, especially those in the 
1,000 to 5,000 group. 

12. In the United States, 51.1 per cent of 358 of the water-borne out- 
breaks occurred in the four months, July to October inclusive. In 
Canada, the late winter and spring months of February through May 
was the season of greatest frequency of these outbreaks, and included 
59.2 per cent of 57 outbreaks. Apparently conditions related to 
cold weather have a considerable bearing on water-borne infections 
in the Dominion. 

13. One of the most distressing aspects of the water-borne out- 
breaks reported from both countries was the number due to apparent 
laxity in operation of water purification plants or equipment for 
chlorination of public water supplies. There is clear evidence that 
more strict supervision and control over water treatment processes 
by public health and water works officials are urgently needed. 

14. Cross-connections between public water supply systems and 
private systems, in which polluted water was used for industrial or 
for fire protection purposes, were one of the major causes of water- 
borne epidemics in both the United States and Canada. 

15. The frequency of epidemics of water-borne diseases in indus- 
trial plants, summer resorts, schools and colleges, employee camps 
and public institutions should direct attention to the necessity for 
better supervision over water supplies in these groups. 
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16. There were 22 communities in the United States and 3 jn 
Canada where more than one outbreak occurred, several being due to 
the same cause. 

17. The legal responsibility of public and private corporations for 
liability and damages in cases of illnesses resulting from outbreaks 
due to polluted water supplies has been definitely established by the 
courts in both countries. In certain cases judgments for damages 


and the cost of settling claims involved large sums of money. 4 
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TABLE 1-A 


IN 78! LARGE CITIES 


UNITED 
IN THE U. 8. 
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Typhoid and Para-Typhoid Fever Death Rates im the United States and Canada 


CANADA DOMINION BUREAU 


1900 35.8 No data available 
1905 27.9 No data available 
1910 23.5 20.54 No data available 
1915 12.8 9.47 No data available 
1920 7.9 3.85 
1921 9.0 3.95 10.1 ; 
1922 7.4 3.2% 8.4 
1923 6.8 3.16 9.0 
7 1924 6.7 3.07 6.6 
; 1925 8.0 3.44 5.9 
7 1926 6.5 2.84 4.9 
1927 5.5 1.99 11.6 
1928 1.89 1.8 
1929 1.59 1.7 
1930 4.8 1.61 1.4 
1931 1.5 1.60 
1932 3.7 1.24 3.2 
1933 3.6 1.18 
1935 2.8 98 2.5 
= 1936 2.5 .93 2:3 


1 From Table 12: Typhoid in Large Cities of the United States in 1987. 
Jour. A. M. A. 111: 414-418 (1938). 
2 The combined population of these cities was 36,772,000 in 1937. 
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DATA REPORTED 


TABLE 2 


Summary of Data Received 


1920-1929 


United 
States 


Average 
Year. 


Death 


States or Provinces Reporting. . 
Number of Outbreaks 
Average Number of Outbreaks 
Per Year 
Typhoid Fever Cases 
Average Typhoid Cases per Year 
Typhoid Fever Deaths 
Deaths 


Typhoid 


Diarrhea Cases 
Average Diarrhea Cases per Year. 8,415 
Bacillary Dysentery Cases 0) 
Bacillary Dysentery Deaths... 0 
Amebic Dysentery Cases 
Amebic Dysentery Deaths. 
Jaundice Cases. . 
Total Persons Affected 
Total Deaths 


47 
230 


23.0 
9,421 
942 
636 

per 
64 


Average Typhoid Fever Cases per 


14.8 
84,145 


| 0) 
0) 

0) 

93 
| 636 


PERIODS STUDIED 


1930-1936 


Canada Canada 
6’ 48 11 
38 169 33 
3.8 24.1 1.7 
2,828 | 3,164 609 
283 452 87 
145 226 17 
14.5 32.3 6.7 
19.5 13 
17,458 |1,510 
— | 2,494 216 
6 2.000 
0) 10) 
— | 1,423 0 
98 0 
28 0 
2,828 22,079 4,119 
145 324 87 


1920-1936 


United 
States 
48 
399 


23.5 
12,585 
740 
862 


50.7 


14.6 
101,603 
5,977 
6 

1,423 

28 


115,645 


960 


Canada 
1] 
71 
4.2 
3,437 
202 


192 


11.3 
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TABLES 


Summary of Outbreaks, Cases and Deaths by Years 


ouT- | DIARRHEA | JAUNDICE | 
YEAR BREAKS Cases | Deaths | CASES | Deaths } CASES AFFECTED 
United States 
1920 24 2,003 = 133 8,112 | 0 0 — | 10,115 
1921 27 550 30 2,899 0 0 — | $3,449 
1922 19 563 60 800 0 0 _- 1,363 
1923 23 1,240 126 320 0 0 oa 1,560 
1924 22 1,036 70 10,411 0 0 oo 11,447 
1925 23 1,352 16 4,714 0 0 6,066 
1926 21 S49 42 45,143 0 0 —- $5,992 
1927 26 483 51 1,208 0 0 = 1,691 
1928 22 502 33 3,883 0 0 — 4,385 
1929 23 843 75 6,655 0 0 — 7,498 
1930 25 395 33 6,513 0 0 0 6,908 
1931 20 254 15 930 0 0 0 1,184 
1932 13 216 12 540 0 0 0 756 
1933 20 505 33 457 1,409 98 0 2,371 
1934 30 475 37 4,513 11 0 0 4,999 
1935 29 664 43 1,213 3 0 28 1,908 
1936 32 655 53 3,292 6 0 0 3,953 
1920-29 230 9,421 636 84,145 0 0 93, 566 
1930-36 169 3,164 226 17,458 1,429 O8 28 22,079 
1920-36 399 12,585 862 101,603 1,429 O8 28 115,645 
Canada 
1920 3 323.2 | 323 
1921 4} 149 11 149 
1922 4 lll 0 Information from Canada 111 
1923 10 1,366 95 regarding diarrhea and 1, 366 
1924 5 170 14 dysentery outbreaks not 170 
1925 1 32 } furnished for the decade 32 
1926 0 0 0 1920-29 0 
1927 { 311 6 311 
1928 2 79 0 | 79 
1929 5 287.13 287 
1930 4 91 7 0 0 0 0 91 
1931 4 266 23 0 0 0 0 266 
1932 2 77 3 0 0 0 0 77 
1933 5 38 0 0 0 0 0 38 
1934 9 86 Ss 1,360 0 0 0 1,446 
1935 3 13 42 0 2,000 40 0 2,013 
1936 6 38 4 150 0 0 0 188 
1920-29 38 2,828 145 | | 2,828 
1930-36 33 609 47 1,510 | 2,000 40 0 4,119 
1920-36, 71 3,437 | 192 1,510 | 2,000 40 0 | 6,947 
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TABLE 3-A 


Distribution of Outbreaks in States and Provinces by Years 


STATE OR 
PROVINCE 


1928 
1929 
1930 
1932 


a 


1931 
1934 
1935 


1920 
1923 
1924 
1925 
1926 


1922 


Connecticut............ 


1 
2 1 4/1) 2 


bo 


2/1;2/)1] 
Maine 1 | 1 
2 
Massachusetts.......... 

1 
Mississippi.............. 1 

1 
New Hampshire........ 
New Jersey...........-.. 
New Mexico............ 1 

6/1 
North Carolina......... 1 

North Dakota.......... 1 3 1 3 
Oklahoma 1 
Rhode Island........... l 

South Carolina......... 2 
South Dakota.......... 2 4 1 


to 

to 

to 

tb 

w 

to 
to 

— 

we 


to 

w 


bo 


2 
Washington ............ 
West Virginia........... 1 
1 
Wyoming.. 


24 27 19 23 22 23 21 26 22 23 2 20 13 2 30. 29 


Canada 


Br. Columbia........... 

N. Brunswick.......... 1 2 2 

Nova Scotia............ 
Pr. Edw. Island........ 
Saskatchewan.......... 
N.W. Territories........ 


bo 
bo 
no 


1 | 


Total—Canada......... 4] 4] 2] 5| 9] 
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6 

2 

1 1 
1 18 
1 

0 

1 

0 

1 

1 4 
1 22 
1 27 
10 
5 

1 11 
0 

6 
26 
13 
12 
11 
3 


os - 
ww 
S mma) 


1 

3 

0 

1 

2 

1 5 
1 ll 
4 

3 

2 6 
18 

13 

0 

32 | 399 
2 6 
1 

1 2 
7 

0 

15 

0 

3 «40 
0 

0 

0 
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United States 
1/1 1/1 | | | | 2 Ar 
Arizona 1 1 
Ca 
Co 
Fh 
J 
Fic 
Ida 
Uli 
Inc 
low 
Ka 
Ke! 
Lou 
Ma 
Mai 
Ma: 
Mic 
> 
Mir 
Mis 
Mis 
Mor 
Net 
Ney 
Nev 
Nev 
Nev 
Nor 
Nor 
Ohi 
Ores 
Pen: 
Rho 
Sout 
Sout 
Ten: 
Texs 
Utal 
1 1 l l Verr 
1 Virg 
est 
4 > > Wi 
at 4 
Alber 
1 1 Br, 
1 Mani 
1 New 
1 Nova 
Onta 
Pr. E 
a} Queb: 
Saska 
Yuko 
N.W. 
Total 
— A 
¢ 
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TABLE 3-B 
Distribution of Typhoid Fever Cases in States and Provinces by Years 
a 
United States 
35 25 17 17 90 184 
144 73 394 5 74 51 17 29 («787 
Colorado 28 28 
Connecticut........... 0 
Florida 0 
35 35 
40 7 15 9 71 
200 228 30 34 23 59 69 643 
18 152 33 1,000 53 50 47 43 38 39 5 1,478 
79 7 5 6 97 
76 «100 55 40 15 15 186 16 503 
32 16 20 «27 44 49 27 «58 359 
Massachusetts... 17 10 27 
ETT 11S 19 69 14 28 9 7 60 23 347 
ee 10 13 13 1 24 280 
42 40 15 97 
Missouri,.............. 20 21 82 225 356 
Montana peer | 205 205 
15 15 
Nevada 0 
New Hampshire 0 
New Jeisey............ 7124 44 10 29 11 44 
New Mexico........... 152 54 14 220 
285 85 19 «114 76 382 98 245 12 1,316 
North Carolina... 37 40 77 
North Dakota. ........ 47 23 47 10 14 141 
OAS ee 884 52 7 37 54 10 10 28 148 1,230 
Oklahoma............ 36 36 
Pennsylvania... 125 24 89 104 45 181 14 38 129 47 74 49 47 18128 1,112 
Rhode Island... 15 15 
South Carolina... 32 32 
South Dakota......... 25 35 282 342 
Ss 15 14 47 
92 50| 5 16 163 
230 «144 19 10 403 
ree 17 73 90 
15 61 17 54 19 17 30 213 
Washington ......... 138 2 161 
West Virginia... 40 32 80 141 31147 35 506 
19 62 43 7 24 140 7 302 
0 
Total—U.S........... 2,003 550 563 1,240 1,036 1,352 849 483 502 843 395 254 216 505 475 664 655 12,585 
Canada 

Br. Columbia......... . 6 
9 11 20 
New Brunswick ...... 115 124 243 5 6 493 
Nova Scotia........... 0 
62| 973) 25 32 56 14 82 1,318 
Pr. Edw. . 

a ao 208 87 37 269 145 12 65205 69258 77 27 77; 7 15 1,558 
Saskatchewan......... 0 
0 
N.W. Territories... 0 


Total—Canada........ 323.149 111 1,366 170 32 (0311 79.287 91266 77 38 86| 13 38 3,437 
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TABLE 3-C 


y _ Distribution of Diarrhea and Dysentery Cases in States and 
Provinces by Years 


STATE OR 
PROVINCE 


yA 


D 
N 
o 


1920 

1921 
1934 
1935 
1936 


1923 
1924 
1925 
1930 


TOTAL 


1922 
1926 
19 

1929 
1931 
1932 
1933 


= 


United States 


0 
| 10200 | 177 10,377 
Colorado. | 0 
Connecticut......... | 0 
Delaware........... | 0 
0 
40 40 
See 1075 4000 78 1100 1000 1814 311 86 150 9,614 
600 450 5000 420 6,470 
0 
Kentucky.......... 100300_ 26 50 476 
Louisiana........... 0 
Maryland........... 37 34 200 245 516 
Massachusetts....... | | 500 340 2763 175 3,778 
Michigan.......... 45000 900 472 46, 37 
Minnesota........... 89 300 13 52 60 192 706 
Mississippi......... ; 500 500 
Montana............ ; | 0 
Nebraska........... } 0 
0 
New Hampshire.. i 0 
New Jersey 0 
New Mexico 

New York 109 580 | 721 1,410 
North Carolina | 0 
North Dakota { 300 350 650 
Ohio..... 7000 2373 9,373 
Oklahoma 0 
Oregon 59 f H | 59 
Pennsylvania 526 200 1000 1,726 
Rhode Island 0 
South Carolina 0 
South Dakota j 

Tennessee 300 100 700 1,100 
Texas... | 40 20 60 
Utah. 0 
Virginia 10 10 
Washington... 4 | 0 
West Virginia....... iif 100 6500 6,711 
Wisconsin ......... 20 80 
Wyoming........... 0 


Total—U. S....... ... $112 2899 800 320 10411 4714 45143 1208 3883 6655 6513 930 540 1866 4524 1216 3298 103, 032 


Canada 

{ } 40 40 
Br. Columbia....... | 0 
N. Brunswick | 0 
Nova Scotia f 
Ontario No reports on dysentery from Canada 0 
Pr. Edw. Island 1920-1929 incl. oO 
Quebec ‘ 13202000 150 3,470 
Saskatchewan 
Yukon ( 
N.W. Territories.. bed 


Total—Canada 13602000 150 3,510 


Total 
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TABLE 3-D 


Total Persons Affected in States and Provinces by Years 


United States 
Alabama 35 25 17 17 90 184 
Arizona 20 410 430 
Arkansas 500 500 
California 144 73 10594 ; 5 74 51 17 206 11,164 
Colorado 28 28 
Connecticut... 0 
Delaware } 46 46 
Florida } | 0 
Georgia 75 
Idaho 40 7 6 9 71 
Tlinois 1275 4030 34 1011100 1000 1873 380 86 150 10,257 
Indiana 1s 33.1600 450 5053 470 47 43° 38 39 (7,948 
lowa 27 26 35 «630 38 197 
Kansas 79 7 5 34 125 
Kentucky 176 400 55 40 15 212 «66 979 
Louisiana 0 
Maine 51 11 22. «6 90 
Maryland 37 32 16 35 20 27 «#78 49 51 27 258 245 875 
Massachusetts 17 500340 2763 185 3, 805 
Michigan 11s 19 69 14 45028: 9 7 960 495 46.719 
Minnesota 10 13 13. 89 300 «14 52 60 435 
Mississippi....._- 542 40 15 597 
Missourl 20 8 135 2000 82 225 «2,470 
Montana =. 205 205 
Nebraska 15 | 15 
Nevada 0 
New Hampshire. 0 
New Jersey 7 124 44 10 29 ll 44 269 
New Mexico 152 54. «14 220 
New York 285 85 . 19 114 76 491 678 245 733 «2,726 
North Carolina. 37 40 77 
North Dakota. 47 323 47 360 «14 791 
Ohio 2425 7 37 54 10 10 28 148 10,603 
Oklahoma 36 36 
Oregon 25 «59 M4 
Pennsylvania.. 651 2: 45 181 14 38 129 47 74 49 47 181128 2,838 
Rhode Island.. 15 15 
South Carolina. 32 32 
South Dakota 35 282 342 
Tennessee 1 15 314 100 700 «1,147 
Texas 92 90 25 16 2:3 
Utah 19 (10 403 
Vermont 73 90 
Virginia 15 17 54 19 27 30 22: 
Washington. 23 161 
West Virginia.. 40 32 80 111 241 31 1476535 7,217 
Wisconsin.. 19 62 43 27 8&4 140 7 382 
Wyoming 0 


Total—U. 8. . 10115 3449 1363 1560 11447 6066 45992 1691 4385 7498 6908 1184 756 2371 4999 1908 3953 115. 645 


Canada 


Alberta 22 «(8 40 12 82 
Br. Columbia.. 6 6 
Manitoba 9 11 20 
New Brunswick. 115 124 243 5 6 493 
Nova Scotia 0 
Ontario 62 74 973 25 32 56 «14 «82 1,318 
Pr. Edw. Island. 0 
Quebec 208 87 37 269 145 12 65 205 69 258 77 2713972007 165 5,028 
Saskatchewan 

Yukon 0 
N.W. Territories. 0 


Total—Canada 323 149 1111366 170 32 0 311 79 287 91 266 77 3814462013 188 6,947 


9R5 
L 
4 
0 ~ 
0 
0 
0 
0 
6 
19 
6 : 
0 
0 
0 
0 
10 
0 
0 
10 
e! 
ig 


GORM 


January 
March 


June.... 
July 
August 
October 


Total. 


MONTH 


January 


August 
October. . 
November..... . 


Total 


periods. 
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TABLE 4 


Monthly Distribution of Outbreaks 


United States 


1920-29 
PERCENTAGE OF 
196 OUTBREAKS 


G 


100.0 


Canada 


WOLMAN [J. 


A. W.W.& 


1930-36 
PERCENTAGE OF 
162 OUTBREAKS 


4.3 7.0 
3.9 1.6 
7.4 
4.8 
8:2 6.5 
6.7 
15.8 12.2 
15.8 13.5 
13.0 14.5 
9.2 10.9 
4.3 5.9 
5.8 §.7 
100.0 100.0 


1920-36 


PERCENTAGE OF 


358 OUTBREAKS 


1920-29 
PERCENTAGE OF 
24 OUTBREAKS 


8.9 


100.0 


1930-36 
33 OUTBREAKS 


7.9 
15.8 
21.0 
15.8 
10.5 


100.0 


1920-36 


PERCENTAGE OF PERCENTAGE OF 


57 OUTBREAKS 


100.0 


Note: These calculations were made on the 358 outbreaks in the United 
States and 57 in Canada for which data were submitted giving the outbreak 


yh 
ig 
feo MONTH 
‘ 
| 
| 
‘ 
A 8.9 
17.8 2.1 
17.8 93 
a 
13.3 10.9 
6.7 
Did 6 
99 0 
18 


TABLE 5-A.—Classification of Outbreaks and Cases by Population Groups 


OUTBREAKS 


POPULATION GROUP mer'930 1920 29 1930-36 1920-36 
Percent “Sur Percent Per cent 
United States 
1,000 and under 10.0 62 27.0 85 50.3 147 36.8 
1,000 to 5,000 FS 82 35.6 37 21.9 119 29.8 
5,000 to 10 ,000 1.8 34 14.8 Il 6.5 45 11.3 
10,000 to 25,000 7.4 29 12.6 11 6.5 40 10.0 
25 to 50 ,000 5.2 3.9 6 3.55 15 3.8 
50,000 to = 100,000 5.3 5 2.2 6 3.55 ll 2.8 
100,000 to 500,000 12.6 7 3.0 7 4.15 14 3.5 
500,000 to 1,000 ,000 1.7 0 0.0 0 0.0 0 0.0 
Over 1,000,000 12.3 2 9 6 3.55 8 2:0 
100.0 230 169 100.0 399 100.0 
Canada 

1,000 and under 50.3 6 15.8 17 §1.5 23 32.4 
1,000 to 5,000 8.0 23 60.5 15 45.5 38 §3.5 
5,000 to 10,000 1.4 4 10.5 i) 0.0 4 5.6 
10,000 to 25,000 3 5 13.2 0 0.0 5 7.1 
25,000 to 50,000 3.2 0 0.0 l 3.0 1 1.4 
50,000 to 100,000 1.5 0 0.0 0 0.0 0 0.0 
100,000 to 500,000 8.5 0 0.0 0 0.0 0 0.0 
Over 500,000 14.0 0 0.0 0 0.0 0 0.0 


TABLE 5-B.—Classification of Typhoid Fever Cases by Population Groups 
A i: YL p 


CASES OF TYPHOID FEVER 


PER CENT 
POPULATION an « 
POPULATION GROUP 1930 1920-29 1930-36 1920-36 
OFFICIAL 
CENSUS Num- Per Num- Per Num- Per 
ber cent ber cent ber cent 


United States 


1,000 and under 10.0 2,472 | 26.2 | 1,236 | 39.1 | 3,708 | 29.5 
1,000 to 5,000 7.7 2,345, | 24.8 664 21.0 | 3,009 | 23.8 
5,000 to 10,000 1S 1,069 11.3 123 3.9 | 1,192 9.5 
10,000 to 25,000 7.4 2,085 | 22.2 242 7.6 | 1,327 | 10.5 
25,000 to 50 ,000 5.2 | 4.7 202 | 1,642 | 13.1 
50,000 to 100,000 5.3 392 4.2 270 8.5 662 5.3 
100,000 to = 500,000 12.6 | 382 4.1 24 9.3 676 5.4 
500,000 to 1,000,000 4.7 0) 0 0) 0 0 0 
Over 1,000,000 12.3 236 2.5 133 4.2 369 2.9 
| 100.0 9,421 100.0 3,164 |100.0 12,585 100.0 
Canada 

1,000 and under 50.3 229 S:1 387 | 63.5 616 17.9 
1,000 to 5,000 8.0 2,281 80.7 216 35.5 | 2,497 | 72.7 
5,000 to 10,000 4.4 173 6.1 0 0.0 173 5.0 
10,000 to 25,000 ti) 145 5.1 0 6.0 145 4.2 
25,000 to 50,000 a2 0 0.0 6 1.0 6 y 
50,000 to 100,000 4.5 0 0.0 0 0.0 0 0.0 
100,000 to 500,000 8.5 0 0.0 0 0.0 0 0.0 
Over 500,000 14.0 0 0.0 0 0.0. 0 0.0 
ae | 100.0 | 2,828 100.0 609 100.0 | 3,437 100.0 
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TABLE 5-C 
Classification of Diarrhea and Dysentery Cases by Population Groups 


CASES OF DIARRHEA AND DYSENTERY 


PER CENT 

POPULATION GROUP 1920-29 1930-36 1920-36 
| No. | Per cent | No. |Per cent, No. | Percent 
United States bs 
1,000 and under 40.0 2,540 3.0 | 2,276) 12.0 | 4,816) 4.7 
1,000 to 5,000 7,966 9.5 | 2,937) 15.6 10,903 10.5 
5,000 to 000 4.8 3,799 5 | 2,185) 11.6 | 5,984) 5.8 
10,000 to 25, 000 7.4 18,460 | 21.9 100; 2.1 18,860) 18.4 
25,000 to 50,000 5.2 1,000 1.2 | 2,532) 13.4 | 3,532) 3.4 
50,000 to 100,000 5.3 5,300 6.3 | 6,480) 34.3 | 11,780) 11.4 
100,000 to 500,000 12.6 80 0.1 66 0.3 146 0.1 
500,000 to 1,000,000 ca 0 0.0 0 0.0 0 00 
Over 1,000,000 12.3 45,000 | 53.5 | 2,011) 10.7 | 47,011) 45.7 
100.0 84,145 100.0 18,887 100.0 103,032 100.0 
Canada 
1,000 and under 50.3 | None reported 450) 12.8 150 12.8 
1,000 to 5,000 8.0 None reported | 3,060 87.2 3,060 87.2 
~~ §,000 to 10,000 4.4 None reported | 0 0 0 0) 
10,000 to 25,000 | 7:1 None reported 0 0 0 0) 
4 25,000 to 50,000 | 3.2 None reported 0 0 0 0 
— §0,000 to 100,000 4.5 None reported | 0 0 0 0 
100,000 to 500,000 8.5 None reported 0 0 0 0 
Over 500,000 14.0 None reported 0) 0 0 0) 
| 100.0 | None reported 3,510| 100.0 3,510 100.0 


TABLE 5-D 
Classification of Total Persons Affected by Population Groups 


TOTAL PERSONS AFFECTED 

PER CENT 
POPULATION 
1930 OFFICIAL 


POPULATION 1920-29 1930-36 1920-36 


CENSUS 
No. | Percent No. | Per cent No. | Percent 
United States 7 
1,000 and under 10.0 5,012 5.4 | 3,540'| 16.1 8,552!) 7.4 
1,000 to 5,000 Fj 10,311 | 11.0 | 3,601 | 16.3 | 13,393 | 13.3 
5,000 to 10,000 1.8 4,868 5.2 | 2,308 | 10.4 5,669 | 4.9 
10,000 to 25,000 7.4 20,545 | 22.0 642 2.9 | 10,832 | 9.3 
25,000 to 50 , 000 a2 1,440 1.5 | 2,734 | 12.4 | 14,648 | We 
50,000 to 100,000 5.3 5,692 6.1 | 6,750 | 30.6 | 12,454 | 10.8 
100,000 to 500,000 12.6 462 0.5 360 1.6 822 0.7 
500,000 to 1,000,000 4.7 0 0.0 0 0.0 0 0.0 
Over 1,000,000 12.3 45,236 | 48.3 | 2,144 9.7 | 47,380 | 41.0 
Total 100.0 93,566 100.0 22,079 100.0 115,645 100.0 
Canada 
1,000 and under 50.3 229 S39 837 | 20.3 1,066 15.3 
1,000 to 5,000 8.0 2,281 | 80.7 | 3,276 | 79.5 5,557 | 80.0 
5,000 to 10,000 4.4 173 6.1 0 0 173 2.5 
10,000 to 25,000 145 5.1 0) 0 145 | 2.1 
25,000 to 50,000 3.2 0 0 | 6 | 0.2 6) 0.1 
50,000 to 100,000 4.5 0 0 | 0 0 0 0) 
100,000 to 500,000 8.5 0 oO] 0 
Over 500,000 14.0 0 | 0 0 | 0 | 0 0 
2,828 100.0 | 4,119 100.0 | 6,947 |100 0 


1 Includes 28 cases of Jaundice reported from Kansas in 1935. 
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Regional Distribution of Outbreaks 
United States 


2 POPULATION NUMBER OF OUTBREAKS 
REGION! U. 8. CENSUS 

= 1920-29 | 1930-36 | 1920-36 
New England..................... 8,166,000 4 19 23 
Middle Atlantic..................) 26,261,000 51 47 
25, 297 000 49 38 
W. N. Central................... 13,297,000 33 20) 530 
avs 9, 887,000 17 8 25 
12,177,000 3 10 13 
3,702,000 12 3 15 
8,194,000 16 11 27 

Percentage Distribution 
Maddie Atlantic: 21.39 22.2 27.9 24 
20 61 21.3 22.5 21 
9.92 1.3 5.9 3 
100 .00 100.0 100.0 100.0 


1 The following shows the states in the various regional classifications used 
in this report: 


New England—Maine, N. Hampshire, Vermont, Mass., Rhode Island, Conn. 

Middle Atlantic—New York, New Jersey, Pennsylvania 

E. N. Central—Ohio, Indiana, Illinois, Michigan, Wisconsin 

W. N. Central—Minnesota, Iowa, Missouri, N. Dakota, 8S. Dakota, Nebraska, 
Kansas 

South Atlantic—Delaware, Maryland, Virginia, W. Virginia, N. Carolina, 
S. Carolina, Georgia, Florida, District of Columbia 

E. 8. Central—Kentucky, Tennessee, Alabama, Mississippi 

W.S. Central—Arkansas, Louisiana, Oklahoma, Texas 

Mountain—Montana, Idaho, Wyo., Colo., N. Mexico, Ariz., Utah, Nevada 


Pacifie—Washington, Oregon, California 
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United States 


POPULATION | 


REGION! U. 8. CENSUS 
1930 

Middle Atlantic.................. 26 , 261,000 
25 , 297 , 000 
13, 297 , 000 
15,794,000 
9, 887 , 000 
12,177,000 
8,194,000 


New England........ 6.65 
Maddie Atiantic.................. 21.39 
20.61 
10.83 
12.86 
8.05 
9.92 

Total. 100.00 


1 See note to table 6-A. 


United States 


POPULATION 


REGION! U. 8. CENSUS 
1930 

New 8, 166, 000 
Maddle 26 , 261 , 000 
13, 297 , 000 
9, 887 , 000 
Total....... 122,775,000 


1 See note to table 6-A. 


TABLE 6-B.—Regional Distribution of Typhoid Fever Cases 


CASES OF TYPHOID FEVER 


1920-29 1930-36 1920-36 
4 128 299 
2,149 548 2,697 
3,294 706 4,000 
510 878 1, 388 
983 285 1, 268 
524 307 831 
128 71 199 
960 47 1,007 
779 194 973 


9,421 3, 164 12,585 


1.0 +.0) 1.8 
22.8 21.4 
35.0 22.3 31.8 
5.4 27.9 11.0 
10.4 9.0 10.1 
5.6 9.7 6.6 
2.3 1.6 
10.2 1.5 8.0 
8.3 6.1 
100.0 100.0 100.0 


_ TABLE 6-C.—Regional Distribution of Cases of Diarrhea and Dysentery 


CASES DIARRHEA AND DYSENTERY 


1920-29 1930-36 1920-36 
0 3,778 3,778 
1,415 1,72) 3, 136 
67 , 756 4.153 71,909 
2 843 667 3,510 
322 6,955 7,277 
1,200 876 2 076 
0 560 560 

350 0 350 
10,259 177 10, 436 


84,145 18,887 103,032 
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WATER-BORNE OUTBREAKS 


TABLE 6-C—Concluded 


Percentage Distribution 


New England............ ae 6.65 0.0 
Middle Atlantic.................. 21.39 
10.83 3.4 
SN 12.86 0.4 
9.92 0.0 


Regional Distribution of Total Persons 


TABLE 6-D 


United States 


POFULATION 


REGION! U. 8. CENSUS 

1920-29 

Middle Atlantic............... 26, 261,000 3,564 
15,794,000 1,305 
9 887,000 1,724 
122,775,000 | 93,566 

Percentage Distribution 

New England............ 6.65 
Middle Atlantic.................. 21.39 3.8 
mem. Central. 20.61 76.0 
10.83 3.6 


1See note to table 6-A 
? Includes 28 cases of jaundice reported from Kansas in 1935. 


20.0 3.7 
9.1 3.1 
22.0 69.8 
3.6 3.4 
36.8 7.1 
4.6 2.0 
3.0 05 
0.0 0.3 
0.9 10.1 
100.0 100.0 
Affected 
TOTAL PERSONS AFFECTED 
1930-36 1920-36 
3,906 4,000 
2, 269 5, 833 
4,859 75,909 
1 +, 9262 
7,240 8,545 
1,183 | 2,907 
631 759 
47 1,357 
371 11,409 
22.079 115,645 
17.7 3.4 
10.3 5.0 
22.1 65.6 
7.12 4.3? 
32.8 7.4 
5.3 2.5 
1.7 9.9 
100.0 | 100.0 
} 
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Distribution of Outbreaks by States 


TABLE 7-A 


United States 


STATE 


Pennsylvania 
Maryland 
York 
Virginia 
Illinois 
Wisconsin 
Indiana 
California 
Iowa 
Kentucky 
Ohio 
New Jersey 
Michigan 
Missouri 
South Dakota 
Virginia 
Minnesota 
a North Dakota 
Alabama 
Washington 
Idaho 
New Mexico 
Oregon 
Tennessee 
Utah 
Arizona 
Maine 
‘Mississippi 
Texas 
Georgia 
Kansas 
Montana 
Nebraska 
North Carolina 
Oklahoma 
Rhode Island 
Vermont 


— 
— 


NIAAA 


ODD 


STATE | 1920-36 | 
Pennsylvania 36 
Indiana 
Massachusetts 13 
New York 10 
California 9 
Illinois 9 | 
Texas 9 | 
North Dakota 7 | 
Michigan 6 
Minnesota 6 
Maryland 5 
Ohio 5 
Kansas 4 
Maine 4 | 
Kentucky 
Alabama 2 
South Carolina 2 
‘Tennessee 2 
Vermont 2 
Virginia 2 
Washington 2 
West Virginia 2 
Arkansas 1 
Colorado 1 
Delaware 1 
Idaho 1 
Iowa 1 
Mississippi 1 
Missouri 1 
New Jersey rag 
North Carolina 1 | 
South Dakota 1 
Utah l 
Wisconsin 


7. 
wes 


STATE 


Pennsylvania 
New York 
Indiana 
Maryland 
Illinois 
California 
West Virginia 
Massachusetts 
Ohio 
Wisconsin 
Michigan 
North Dakota 
Kentucky 
Minnesota 
Texas 

lowa 

New Jersey 
Virginia 
Missouri 
South Dakota 
Alabama 
Maine 
Washington 
Kansas 
Tennessee 
Idaho 

Utah 
Mississippi 
New Mexico 
Oregon 
Vermont 
Arizona 

North Carolina 
South Carolina 
Arkansas 
Colorado 
Delaware 
Georgia 
Montana 
Nebraska 
Oklahoma 
Rhode Island 


mmw wo 


% 
24 60 
| 
20 
mee 
13 29 
13 
; 13 
13 
11 
ll 
11 
M 
Ic 
Al 
Ay 
K: 
Id 
M: 
~ Soi 
re 
4 No 
Mi 
9 
Ok 
Gee 
Ver 
Nek 
Tc 
292 
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TABLE 7-B 


STATE 


New York 
Indiana 

Ohio 
Pennsylvania 
California 
Illinois 

West Virginia 
Utah 
Kentucky 
Wisconsin 
Maryland 
Michigan 

New Jersey 
New Mexico 
Montana 
Virginia 
Washington 
Missouri 

Iowa 

Alabama 
Texas 
Mississippi 
Arizona 
Kansas 

North Dakota 
Idaho | 


Maine 

South Dakota 
Tennessee 
North Carolina 
Minnesota 
Oklahoma - 
Georgia 

Oregon | 
Vermont 
Nebraska 
Rhode Island 


Distribution of Typhoid Fever Cases by States a 
United States 
1920-29 STATE "1930-36 | STATE | 1920-36 
1,304 Pennsylvania 492 Indiana | 1,478 
1,256 South Dakota 282 New York | 1,316 
980 Ohio 250 Ohio 1,230 4 
620 Minnesota 244. + Pennsylvania 1,112 
616 Missouri 225 California 787 q 
515 Indiana 222 Illinois 643 
471 Kentucky 202. West Virginia | 506 
393 | California 171 Kentucky 603 
301 Illinois Utah | 403 
295 Michigan 99 Maryland | 359 
274 Alabama § (9 Missouri | 356 
248 Maryland 85 Michigan 347 
225 Vermont 73 | South Dakota 342 
220 North Dakota 71 Wisconsin | 302 
205 Texas 71 Minnesota | 280 
166 ~=Virginia 47 | New Jersey | 269 
138 Delaware 46 New Mexico 220 
131 New Jersey 44 “~Virginia | 213 
119 North Carolina 40 Montana > ig 205 
4 lowa 38 | Alabama | 184 
92 West Virginia 35 Texas . 163 
82 | South Carolina 32 Washington _ 161 
80 Colorado 28 lowa 157 : 
79 Maine 28 North Dakota | 141 
70 Massachusetts 27 Kansas 97 
62 Washington Mississippi 97 
62 Kansas 18 Maine 90 
60 Mississippi 15 | Vermont 90 
17 New York 12 Arizona 80 
37 Utah 10 North Carolina WT 
36 Idaho Idaho 71 
36 Wisconsin 7 Tennessee 
35; Delaware 46 
2; Oklahoma 36 
17 Georgia 
15 South Carolina 32 
15 Colorado 28 
Massachusetts 27 
Oregon 25 
Nebraska 
Rhode Island | 15 


= 
) 
4 
5 
: 
| 
: 
4 A 
Total.......... 9,421 3, 164 12,585 = 


Distribution of Diarrhea and Dysentery Cases by States — 


United States 


STATE 1920-29 STATE 1930-36 STATE 
Michigan 45,000 West Virginia 6,500 Michigan 
California 10,200. Massachusetts 3,778 California 
Ohio 9,373 Illinois 2,361 Illinois 
Illinois 7,253 Michigan 1,372. Ohio 
Indiana 6,050, Pennsylvania 1,000 West Virginia 
Missouri 2,114. Tennessee 800 Indiana 
Pennsylvania 726, New York 721 Massachusetts 
New York 689 Arkansas 500. Missouri 
Mississippi Maryland 445 Pennsylvania 
Kentucky 400 Indiana 420 New York 
Minnesota 389 North Dakota 350 Tennessee 
Arizona 350, Minnesota 317. Minnesota 
North Dakota 300° California 177. North Dakota 
Tennessee 300) Kentucky 76 Maryland 
West Virginia 211| Texas 60 Arkansas 
Wisconsin 80 Virginia 10 Mississippi 
Maryland 71 Kentucky 
Oregon 59 Arizona 
Georgia 40 Wisconsin 
lowa 40 Texas 

Oregon | 
Iowa 
Virginia 
otal. 84,145 18,887 
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103 ,032 


2° 
372 
on 
377 
614 
373 
711 
470 
‘ 
: 77 
8 
J 726 
410 
100 
706 
690 
516 
176 
350 
80) 
40) 
10 
> 


STATE 1920-29 
Michigan 45,248 
California 10,816 
Ohio 10,353 
Illinois 7,768 
Indiana 7,306 
Missouri 2,245 
New York 1,993 
Pennsylvania 1,346 
Kentucky 701 
West Virginia 682 
Mississippi 582 
Arizona 130 
Minnesota $25 
Utah 393 
Wisconsin 375 
North Dakota 370 
Tennessee 347 
Maryland 345 
New Jersey 225 
New Mexico 220 
Montana 205 
Virginia 166 
lowa 159 
Washington 138 
Alabama 94 
Texas Os 92 
Oregon 84 
Kansas 79 
Georgia 75 
Idaho 62 
Maine 62 
South Dakota 60 
North Carolina 37 
Oklahoma 36 
Vermont 17 
Nebraska 15 
Rhode Island 15 

Total 666 


STATE 


West Virginia 
Massachusetts 
Illinois 
Pennsylvania 
Michigan 
Tennessee 
New York 
Indiana 
Minnesota 
Maryland 
Arkansas 
North Dakota 
California 
South Dakota 


Kentucky 

Ohio 

Missouri 

Texas 

Alabama 

Vermont 


Virginia 
Delaware 
Kansas 

New Jersey 
North Carolina 
lowa 

South Carolina 
Colorado” 
Maine 
Washington 
Mississippi 
Utah 
Idaho 
Wisconsin 


‘ Includes 28 cases of jaundice. 


TABLE 7-D 
Distribution of Total Persons Affected by States 
United States 


1930-36 


6 


, 535 
3, 
,489 
471 


805 


800 
733 
642 
561 
530 


22,079 


STATE 


Michigan 
California 
Ohio 

Illinois 
Indiana 

West Virginia 
Massachusetts 
Pennsylvania 
New York 
Missouri 
Tennessee 
Minnesota 
Kentucky 
Maryland 
North Dakota 
Mississippi 
Arkansas 
Arizona 

Utah 
Wisconsin 
South Dakota 
New Jersey 
Texas 
Virginia 

New Mexico 
Montana 

Iowa 


Alabama 
Maine 
North Carolina 


Washington 
Kansas 
Vermort 
Oregon 
Georgia 
Idaho 


Delaware 
Oklahoma 
South Carolina 
Colorado 
Nebraska 


Rhode Island 


1920-36 


5,719 
, 164 
,603 
, 257 
,948 


805 
838 
726 
470 


147 


986 
979 
875 
791 
597 


rg 
x 
50 
42 
28: 
271 
254 a 
22: 
13 430 
403 
| HY 342 
By 197 
28 184 
2s 161 

23 125450 

15 90 
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7 77 
75 
46 
32 
115,645 
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Classification of Water-borne Outbreaks in the United States and Canada 
Number of Outbreaks, 1920-36 inclusive! 


TABLE 8-A 


STATE OR 
PROVINCE 


Alabama 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 


Indiana 
Iowa 


Kentucky............ 


Louisiana 
Maine 
Maryland 
Massachusetts.. 
Michigan .. 


Minnesota........... 


Mississippi 
Missouri... . 
Montana 
Nebraska 
Nevada 

New Hampshire 
New Jersey 

New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 

Oklahoma 
Oregon 
Pennsylvania... 
Rhode Island.... 
South Carolina 
South Dakota 
Tennessee ...... 


Virginia..... 
Washington 

West Virginia 
Wisconsin 
Wyoming......... 


Total—U. S..... 


Br. Columbia... .. 
Manitoba 

N. Brunswick.. 
Nova Scotia 
Ontario 

Pr. Ed. Island. 
Saskat chewan 
Yukon... 


N.W. Territories... 


Total—Canada 


1 For explanation of the symbols of the various classifications of outbreaks, see table 10-A. 
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ar TABLE 9-A 
Outbreaks Classified as to Points of Pollution in Water System 


1920-29 1930-36 1920-36 


CLASSIFICATION 


i No. | Per cent No. | Per cent | No. Per cent 


United States 


A 64 7s. | 32 18.9 96 24.1 
B | 55 23.9 65 38.5 | 120 30.1 
| 5 2.2 4 2.4 | 9 22 
D 48 20.9 15 8.8 63 15.8 
*F | 29 12.6 | 14 8.3 | 43 10.8 ' 
G 17 7.4 1 0.6 18 4.5 
H 12 5.2 38 22.5 50 12.5 
Total..... 230 100.0 169 100.0 399 100.0 
Canada 
A 17 44.8 18 54.5 | 35 49.3 
B 3 7.9 2 6.1 5 7.0 
C 1 2.6 1 3.0 ‘ 2.8 
D 7 18.4 2 6.1 9 12.7 
; 6 15.8 5 15.1 11 15.5 
G 4 10.5 2 6.1 8.5 
H 3 | 9.1 3 4.2 
Total 38 100.0 33 | 100.0 71 100.0 


TABLE 9-B 


Cases of Typhoid Fever Classified as to Points of Pollution in Water System 

1920-29 1930-36 1920-36 
9 CLASSIFICATION 
No. | Per cent No. | Per cent No. Per cent 


United States 


A 1,494 | 15.9 442 14.0 | 1,936 | 15.4 
B 1,6 7.0 1,362 43.0 2,968 | 23.6 
C 68 0.7 17 0.5 85 0.7 
D 2,053 21.8 608 | 19.2 2,661 | 21.1 ae 
F 2,050 21.8 280 8.8 2,330 | 18.5 Tot 
G 1,883 20.0 5 0.2 | 1,888 15.0 
H 267 2.8 450 14.3 | 717 5.7 

Total.....| 9,421 | 100.0 | 3,164 | 100.0 | 12,585 | 100.0 


| 
— 
4 
| 
3 
a T 
i 
a 
i 
4 


TAB 


LE 9-B 


Concluded 


64.0 208 | 34.2 

1.6 14 | 23 

1.5 200 32.8 

15.3 26 | 4.1 

7.6 18.4 

10.0 6 | 1.0 

44 

Total..... 2,828 | 100.0 609 | 100.0 
TABLE 9-C 


| 


© 


Cases of Diarrhea and Dysentery Classified as to Points of Pollution in 


W ater System 
1920-29 | 1930-36 1920-36 
CLASSIFICATION | 
| No. Per cent No. | Per cent No. | Per cent 
United States 
aA | 500 0.7 3,283 | 17.4 3,873 | 3.7 
B 13,736 16.3 1,782 9.4 15,518 15.1 
Cc 1,269 1.5 196 1.0 1,465 | 1.4 
D 48,725 57.9 9,678 51.3 | 58,403 | 56.7 
F 6,535 7.8 1979 | 10.5 | 8,514 | 8.3 
G | 11,840 14.1 0 | 0.0 11,840 11.5 
H | 1,450 1.7 1,969 | 10.4 | 3,419 3.3 
Total. back | 84,145 | 100.0 18,887 | 100.0 | 103,032 | 100.0 
Canada 
A 2,210 | 63.0 | 2,210 63.0 
B None Reported 0 0 |. 0 O 
C None Reported 0 0 | 0 0 
D None Reported 0 0 7 0 0 7 
F None Reported 0 0 0 O- 
i None Reported 1,300 37.0 1,300 37.0 
None Reported 0 0 0 0 
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9 
4 
2,018 | 58.7 
59 | 1.7 
242 7.1 3 a 
458 4 
44 | 1.3 
3,437 | 100.0 
<a 
q 
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1920-36 


* Includes 28 cases of jaundice in Kansas, 1935. 


1920-29 1930-36 
No. | Per cent No. Per cent | 
United States 
A 2084+ 2.2 3,725 
B 15,342 16.4 14.4 
C 1.337 1.4 213 1.0 
D 0,778 54.3 10, 286 16.6 
8,585 9.2 2,259 
G 13,723 14.7 5 0.0 
H ayy 1.8 2,419 10.9 
Total 93 , 566 100.0 22.079 100.0 
Canada 
A 1,810 64.0 2,418 58.7 
B 45 1.6 14 0.4 
C 42 1.5 200 4.8 
D 433 15.3 25 0.6 
G 284 10.0 1,306 31.7 
H 44 LA 
Total 2,828 100.0 4,119 100.0 | 


61,064 
10,844 
13,728 

1,136 


5,645 


4,228 
59 
242 
458 
326 
1,590 
14 


6,947 


“Total Persons A ffecte d Classified as to Points of ‘Pollution in Water System 


| Per cent 


— 

~ 
' 


7 
GO 
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[J. A. W. W. V 
A- 
D- 
H- 
F-3 
4* 16.0 B-1 
550) 1.3 D-1 
9.4 
A-4 
3.6 
100.0 
60.9 
3.9 
6.6 
4.7 — 
22.9 
0.6 
100.0 G-1 
A-2 
4 
A-l ( 
A-2 
> 
A? 
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United States 


CLASSIFICATION NUMBER 
Outbreaks 

B-1 Surface pollution of shallow wells 52 
F-3. Cross-connection with polluted water supply 40 
A-4 Contamination of spring or infiltration gallery by pollution on 

watershed. . 31 
A-1 Contamination of brook or stream by pollution on watershed. 27 
A-2 Use of polluted water from a river or irrigation ditch, untreated 25 
D-2 Inadequate chlorination—only treatment 23 
D-1 Inadequate control of filtration and allied treatment... 22 
H-3 Cause of outbreak undetermined. .......... 20 

Typhoid Fever Cases 

Cross-connection with polluted water supply. 2,122 
G-2 Seepage of surface water or sewage into gravity conduit....... 1,814 
D-2 Inadequate chlorination—only treatment...................... 1,418 
B-1 Surface pollution of shallow wells 1,161 
D-1 Inadequate control of filtration and allied treatment 649 
B-5 Underground pollution of well or spring in creviced limestone or 

rock 633 
A-4 Contamination of spring or infiltration gallery by pollution on 

watershed. . 630 
D-3 Interruption of chlorination—only treatment. 594 

Diarrhea and Dysentery Cases 

D-1 Inadequate control of filtration and allied treatment... 48,761 
B-8 Overflow of sewer or flood water into top of wellcasing ©... __. 10,870 
G-2 Seepage of surface water or sewage into gravity conduit........ 9,540 
F-3. Cross-connection with polluted water supply.................. 8,514 
D-4 Miscellaneous 6, 500 
D-2 Inadequate chlorination—only treatment 3,082 
A-1 Contamination of brook or stream by pollution on watershed... 2,733 
G-1 Auxiliary intake to polluted source............................ 2,300 


Canada 


Outbreaks 
A-2 Use of polluted water from a river or irrigation ditch, untreated 24 
F-3 Cross-connection with polluted water supply i) 
A-| Contamination of brook or stream by pollution on watershed. 7 
G-1 Auxiliary intake to polluted source 5 
D-2 Inadequate chlorination—only treatment...................... | 4 
Typhoid Fever Cases 
A-3 Use of polluted lake water—untreated) 990 
A-2. Use of polluted water from a river or irrigation ditch, untreated 736 
D-3 Interruption of chlorination—only treatment 302 
A-1 Contamination of brook or stream by pollution on watershed. 292 
F-3 Cross-connection with polluted water supply.................. 278 
Diarrhea and Dysentery Cases 
A-3 Use of polluted lake 2,000 
G-1 Auxiliary intake to polluted source 1,300 


A-4 Contamination of spring or infiltration gallery by pollution on 
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Major Causes of Outbreaks and Illnesses in Order of Magnitude 
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A-l1 Contamination of brook or stream by pollution on watershed 40) re. 
A-2. Use of polluted water from a river or irrigation ditch, untreated 20 ; eg 
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TABLE 10-A 
_ Outbreaks Classified as to Re ported Cause of Illness ? 
1920-29 | 1930-36 0.98 1920-36 
ar 
Cc ontamination of brook or stream by on| 
21; 5} 6| 2) 27 7 
2 Use of polluted water from a river or irrigation 
ditch, untreated we 18) 11) 7| 13) 25) 24 
3 Useof polluted lake water—untreated.. 
4 Contamination of spring or infiltration gallery by 
pollution on watershed 16; Oj 15) 1) 31) 1 
5 Contamination of spring or infiltration gallery by; | | 
B-1 Surface pollution of shallow wells. . | 29; 2) 23) 1) 52) 3 
2 Faulty well casing orconstruction........ 4| | 7 | 1 
3 Pollution of well from adjacent river or lake. . e | 2 13 
4 Pollution of well from adjacent sewer or sewage 
5 Underground pollution of well or spring in creviced| | | 
limestone or fissured rock...................... ql 1 5 0 16 1 
6 Underground pollution of well or spring, source | | 
7 Underground pollution of well by surface contami- 
nation through abandoned well............... 1) | | 2 
8 Overflow of sewer or flood water into top of well |) ag 
4) 0} 4) 1] 8) 1 
C-1 Seepage from sewer or surface into crac ked cistern | 
2 Reservoir polluted by flood waters................ —}| | 1 1 
_D-1 Inadequate control of filtration and allied treat-| 
2 Inadequate chlorination— -only treatment | 15) 4) 8} O} 23) 4 
3 Interruption of chlorination—only treatment... 16; 2) 1) 1/17) 3 
4 Miscellaneous........... — 1 1 
F-1 Pollution of water mains comes construction or 
repairs. . 1} 1 OF; OF 1 
2 Leaking water main and sewer in same trench..... 1) 0! 1 
3 Cross-connection with polluted water supply...... 27; 13) 5) 40) 9 
4 Break in mains permitting sewage or river water to. we 
_G-1 Auxiliary intake to polluted water supply 3) 8 5 
2 Seepage of surface water or sewage into gravity ene 
conduit 13} 1) O} O} 13) 1 
H-1 Use of polluted private supply because of objec-. 
tionable taste or quality of public supply 2 2 4 
2 Use of polluted water not intended for drinking 
purposes 2} 12) 14 
3 Cause of outbreak undetermined. ................. 4, 0 16; 1) 20) 
4 Datainsufficient forclassification ................ 4 4; | 8 
5 Faulty distilling apparatus....................... 1) 1) 
2: 


A 
8 
C-] 
2 
2 
- 
‘ 
3 
F ] 
2 
P 
3 
4 
G-1 
2 
2 
3 
+o 
a 
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TABLE 10-B 
Typhoid Fever Cases Classified as to Reported Cause of Illness 
United States 
CLASSIFICATION | 1920-29 | 1930-36 
A-1 Contamination of brook or stream by pollution on 
watershed 508 42 
2 Use of polluted water from a river or irrigation 
ditch, untreated 337 146 
3 Use of polluted lake water- -untreated 79 9 
4 Contamination of spring or infiltration gallery by 
pollution on watershed 447 183 
5 Contamination of spring or infiltration _ ry by 
flood waters. . 123 | 62 | 
B-1 Surface pollution of shallow wells 660 501 
2 Faulty well casing or construction ; 20 176 
3 Pollution of well a adjacent river or lake 0 
4 Pollution of well from adjacent sewer or sewage 
§ U nderground pollution of well-or spring in 
creviced limestone or fissured rock 289 344 | 
6 Underground pollution of well or spring source 
unknown | 133 151 
7 Underground pollution of well by surface con- 
tamination through abandoned well 50 0 
8 Overflow of sewer or flood water into top of well 
casing | 381 43 
C-1 Seepage from sewer or surface into cracked cistern 
or reservoir etree 68 17 
2 Reservoir polluted by flood waters 0 0 
D-1 Inadequate control of filtration and allied treat- 
ment..... 396 | 253 
2 Inadequate chlorination—only treatment a 063 355 
3 Interruption of chlorination—only treatment... 594 0 
4 Miscellaneous................ 0 0 
F-1 Pollution of water mains during construction or 
2 Leaking water main and sewer in same trench 47 0 
3 Cross-connection with polluted water supply | 1,990 132 
4 Break in mains permitting sewage or river water 
to enter 0 | 148 
G-1 Auxiliary intake to polluted water supply 69 5 
2 Seepage of surface water or sewage into gravity) 
conduit 814 0 | 
H-1 Use of polluted private supply because of ohiee-| 
tionable taste or quality of public supply 90 30 | 
2 Use of polluted water not intended for drinking, | - 
purposes 70 118 | 
| 3 Cause of outbreak undetermined... . 57 189 | 
4 Data insufficient for classification................ 50 | 77 
5 Faulty distilling apparatus....................... 0 | 1 a 
6 Swimming in polluted water...................... 0 35 ii 
q 
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GORMAN AND WOLMAN [J. A. W. W. A. 


Cases of Diarrhea and Dysentery Classified as to Reported Cause of Illness 
United States 


CLASSIFICATION 1220-29 | 1930-36 1920-36 
A-1 Contamination of brook or stream by pollution 
on watershed by 0 | 2,733 2,733 
2 Use of polluted water from a river or irrigation 
ditch, untreated 85 0 185 
3. Use of polluted lake water—untreated 0 0 0 
4 Contamination of spring or infiltration gallery by 
pollution on watershed 5 550 | 555 
5 Contamination of spring or infiltration gallery by 
> : flood waters 400 0 400 
B-1 Surface pollution of shallow wells 2,005 237 | 2,242 
y 2 Faulty well casing or construction nee 192 177 369 
Pollution of well from adjacent river or lake 0 0 0) 
q 4 Pollution of well from adjacent sewer or sewage 
tank 0 498 498 
5 Underground pollution of well or spring in 
creviced limestone or fissured rock 1,089 150 1, 239 
6 Underground pollution of well or spring—source 
unknown 0 250 250 
7 Underground pollution of well by surface con- 
tamination through abandoned well 0 50 50 
8 Overflow of sewer or flood water into top of well 
casing 10,450 420 10,870 
C-1 Seepage from sewer or surface into cracked cis- ( 
tern or reservoir 1,269 150 1,419 
2 Reservoir polluted by flood waters 0 46 46 
D-1 Inadequate control of filtration and allied treat- 
ment 47,311 | 1,450 | 48,761 
2 Inadequate chlorination—only treatment oe .| 1,382 | 1,700 | 3,082 a 
Interruption of chlorination—only treatment... . 32 28 60 
4 Miscellaneous 0 | 6,500 | 6,500 
F-1 Pollution of water mains during construction or F 
repairs 0 0 0 
2 Leaking water main and sewer in same trench 0 i) 0 
3 Cross-connection with polluted water supply 6,535 | 1,979 | 8,514 ~ 
{ Break in mains permitting sewage or river water in 
to enter 0 0 | 0) 
~G-1l Auxiliary intake to polluted water supply 2,300 0 | 2,300 re 
2 Seepage of surface water or sewage into gravity ¥ 
conduit 9 540 0 9,540 
_H-1 Use of polluted private supply because of objec- H. 
tionable taste or quality of public supply 0 0 0 
2 Use of polluted water not intended for drinking 
3 Cause of outbreak undetermined................ 600 | 1,505 | 2,105 
4 Data insufficient for classification............ Ret 500 0 500 
5 Faulty distilling apparatus...................... 0 13 13 
6 Swimmingin polluted 0 0 | 
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VoL. 31, NO. WATER-BORNE OUTBREAKS re 


Total Persons Affected Classified as to Reported Cause of Illness 
United States 


CLASSIFICATION 1920-29 | 1930-36 1920-36 


A-1 Contamination of brook or stream by pollution 


on watershed 508 | 2,775 3,283 

2 Use of polluted water from a river or irrigation 
ditch, untreated 522 146 668 
3 Use of polluted lake water—untreated 79 9 88 

4 Contamination of spring or infiltration gallery by 
pollution on watershed 452 733 1,185 

5 Contamination of spring or infiltration gallery by 
flood waters 523 62 585 
B-1 ae ice pollution of shallow wells................ 2,665 738 | 3,403 
2 Faulty well casing orconstruction............... 212 353 565 
3 Pollution of well from adjacent river orlake...... 0 15 15 

{ Pollution of well from adjacent sewer or sewage 
tank 73 658*; 731* 

5 Unde rground pollution of well or spring in 
creviced limestone or fissured rock 1,378 494 | 1,872 

6 Underground pollution of well or spring—source 
unknown 133 401 534 

7 Underground pollution of well by surface con- 
tamination through abandoned well 50 50 100 

8 Overflow of sewer or flood water into top of well 

C-1 Seepage from sewer or surface into cracked cis- 
tern or reservoir............ ohh 1,337 167 1,504 
2 Reservoir polluted by flood waters 0 46 46 

D-1 Inadequate control of filtration and allied treat- 
ment 47,707 | 1,703 | 49,410 
2 Inadequate chlorination—only treatment........ 2,445 2,055 | 4,500 
3 Interruption of chlorination—only treatment... . 626 | 28 654 
0 | 6,500 6,500 


1 Pollution of water mains during construction or 

repairs a | 13 0 13 
2 Leaking water main and sewer in same trench 47 0 47 
3 Cross-connection with polluted water supply.....| 8,525 | 2,111 10,636 
4 Break in mains permitting sewage or river water, 


to enter 0; 148 148 
G-1 Auxiliary intake to pollute d water supply | 2,369 5 | 2,374 
2 Seepage of surface water or sewage into gravity | 
conduit 11,354 11,354 
H-1 Use of polluted priv ate supply because of obje c- 
tionable taste or quality of public supply 90 30 120 
2 Use of polluted water not intended for drinking 
3 Cause of outbreak undetermined................ 657 | 1,694 | 2,351 
4 Datainsufficient forclassification............... 550 77 627 
5 Faulty distilling apparatus...................... 14 14 
6 Swimmingin polluted 0 35 35 


* Includes 28 cases of Jaundice. 
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Cases of Typhoid Fever, Diarrhea and Dysentery, and Total Persons Affected 


GORMAN AND WOLMAN | 


TABLE 10-E 


Canada 


CLASSIFICATION 


— wre 


moO 


Ad 
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3 
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G-1 


Total..... 


Typhoid Fever 


ion of or stream by pollution on 
Use of polluted water from a river or irrigation ditch, untreated. 
Use of polluted lake water—untreated 
Surface pollution of shallow wells... 
Underground pollution of well or spring in creviced limestone 
or fissured rock...... 
Overflow of sewer or flood water into top of well casing. 
Seepage from sewer or surface into cracked cistern or reservoir.. 
Inadequate contro! of filtration and allied treatment 
Inadequate chlorination—only treatment 
Interruption of chlorination—only treatment. . 
Pollution of water mains during construction or repairs..... 
Cross-connection with polluted water supply.. 
Break in mains permitting sewage or river watertoenter...... 
Auxiliary intake to polluted water supply : 
Seepage of surface water or sewage into gravity conduit. 
Use of polluted water not intended for drinking purposes 
Cause of outbreak undetermined wel 


Ned 


Diarrhea and Dysentery 


ion of or stream by pollution on water shed.. 

Use of polluted water from a river or irrigation ditch untreated. 

Use of polluted lake water—untreated 

Contamination of spring or infiltration ony by pollution. on 
watershed... 

Auxiliary intake to polluted + water supply 


Total Persons Affected 


Contamination of brook or stream by pollution onw sainaled. 

Use of polluted water from a river or irrigation ditch, untreated. 

Use of polluted lake water—untreated 

Contamination of spring or infiltration gallery by polluti ion on 
watershed 

Surface pollution of shallow wells 

Underground pollution of well or spring in creviced limestone 
or fissured rock. . . 

Overflow of sewer or flood water into top of well casing... 

Seepage from sewer or surface into cracked cistern or reservoir.. 

Inadequate control of filtration and allied treatment 

Inadequate chlorination—only treatment 

Interruption of chlorination— -only treatment 

Pollution of water mains during construction or repairs. 

Cross-connection with polluted water supply 

Break in mains permitting sewage or river water to enter.. 

Auxiliary intake to polluted watersupply.... 

Seepage of surface water or sewage into gravity conduit...... 

Use of polluted water not intended for drinking pape. 

Cause of outbreak undetermined 

Swimming in polluted water 
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Oo. 2] WATER-BORNE OUTBREAKS 


TABLE 11-A 


inclusive 
Classified as to Number of Cases and Total Persons Affected 


MONTH 


United States 


STATE OR POPULA- __ 
PLACE |PROVINCE Trion YEAR 
| 

Detroit Mich. 1,300,000 1926 
Santa Ana Calif. 21,500 1924 
Salem Ohio 10,300 1920-1 
Charleston W. Va 60,500 1930 
Ft. Wayne Ind 100,000 1929 
Fitchburg Mass 40,700 1934 
Hillsboro Ohio 4,400 1921 
Ozark Beach Mo 000: 1928 
Charleston Ill 7,300 1925 
Greenville Ill 3,100 1925 
Chicago Til 3,376,000 1933 
Bloomington Ill 28,720 1920 
Riverside Ill 6,350 1929 
Morrisville Penn 5,400 1936 
Winona Lake Ind Unknown 1925 
Gladstone Mich 5,170 1934 

arseilles i. 4,100 1928 
Sweetwater Tenn. 2,000 1936 
Garrett Ind. 4,600 1925 
Canton Miss. 3,500 1922 
Oswego N. York 22,400 1927 
i Penn. 17,500 | 1921 
Cohasset Mass 3,080 1931 
Harrison Ark 3,630 1936 
Morenci Mich 1,775 | 1935 
Covington-Newport Ky. 88,000 1923 
Yorkville 500 1928 
Edgewood School Ind. 4253 1931 
Delaware hio 8,76 1921 
Grand Forks N. Dak 17,110 1934 
A Tenn. 1,500 1928 
P. Pit. in S. St. Paul Minn. 2,7 1929 
Grand Forks N. Dak. 16,500 1928 


Feb. 
Jan.-Feb. 
Aug.-Jan. 
Nov. 
March 
March 
Jan. 

July 

Nov. 

Jan. 


June-Dec. 


Jan. 
Sept. 
Dec. 
July 
May 
Jan. 


Sept.-Dec. 
uly 

Jan. 

June 


-borne Outbreaks in the United States and Canada, 1920-36, 


|TrPHow > | & 
Ze 
| | = 
& 
we il & 
45,000' 1 45,008 3.5 D-1 
10,000 369 28 10,369 48.2 B-8 
7,000 884 | 27 | 7,884 76.5) G-2 
6, 0 0 6,500 10.7 D-4 
5, 000 53 | 3 | 5,053) 5.1) F-3 
2,500 0 0 2,500 6.1 A-l 
2,000 12 0 | 2,012) 45.7) G-1 
2,000 0 0 2,000 — B-1 
2,000 0 0 2,000 27.4 D-1 
2,000 0 0 2,000 64.5 G-2 
1, 4092 0 0 1,409 F-3 
1,000 200 | 24 1,200 4.2 F-3 
1,000 0 1,000 15.7) B-5 
1,000 0 0 1,000 18.5 D-1 
1,000 1,000 — F-3 
900 0 0 900 17.4 D-2 
700 0; 0 700 17.1 C-1 
700 0; Oo 700 35.0 D-2 
600 0 0 600 13.0 H-3 
500 42 3 542, 15.5) C-1 
500 0 60 500 2.2 D-2 
500 0 0 500 2.9 
500 500 16.2 H-3 
500 0 #0 500 13.8 H-3 
472 0; O 72 26.6 B-4 
300 100 15 400 -4 D-2 
400 0 0 400 80.0 A-5 
390 0 Oo 390 91.8 B-8 
373 10 383 4.4. D-2 
350 0 350 2.0 
300 14 2 314 20.9 G-1 
300 0 O 300 11.1 F-3 
300 0 0 300 1.8 G-2 


Jan, 


| 
| 
| 


Total...... 96,994 2,692 103 99,686 

Percentage of Total Persons Affected 1920-36 = 115.645 7 86.2% 
Canada 

St. Jerome de Matane Quebec | 4,760 | 1935 | Feb. 2,000 0 | 2,000! 42.0! 4-3 
Montmagny Quebec 3,920 | 1934 Feb. 1,000 | 0, 0 1,000 25.5 G-1 
Cochrane Ontario 3,500 1923 March 935 70 935; 26.7, A-3 
St. Ours Quebec 620 1934 Feb. 300 6 0 306 48.7 G-1 
Pt. Gatineau Quebec 2,000 1929 Aug. — | 200! 9 200 10.0 D-3 
St. Leonard N. Bruns. 1,200 1927) Nov. — | 200 0 200 16.7, A-2 
Ste. Scholastique Quebec 790 1931 Oct. — | 200/ 20 200; 25.3) C-1 
Terrebonne Quebec 2,000 | 1920 March — | 8:01 Ga 
Perce(Tourist Camp) Quebec | 300 1936 | Aug. 150 | 0 0 150 50.0 A-4 

3,450 1,701 | 99 5,151) 

5,151 
Percentage of Total Persons Affected 1920-36 = 6.947 = 74.1% 
Summer resort—population not known. 


* Amebice Dysentery, 1409 Cases; 98 Deaths. 
* School enrollment—pupils and teachers. 


* For explana 


*Bacillary D 


tion of symbols, see table 10-A. 7 
ysentery—40 Deaths. 
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Largest Water-borne Typhoid Fever Outbreaks in the United Staies and Canada 


GORMAN AND WOLMAN 


‘TABLE 11-B 


| 


1920-36, inclusive 


<a) 
STATE OR POPULA- aE z 
United States ; 
4 - 
*Winona Lake Ind | . 1925. July 1,000 | F-3 
Salem Ohio 10,300 1920-1 Aug.—Jan. 884) 27 | 8.6| G2 
Santa Ana Cal. 21,500 1924 Jan.-Feb. 369 28 7.6 1.7 | Beg 
= Akron N. York 2,100 1926 Aug.—Nov. 284, «18 6.3 | 13.5 | De? 
Chamberlain S. Dak. 1,530 1933 | Jan. 282; 29 10.3 | 18.4 | D-2 
Olean N. York 20,740 1928 Sept.-Oct. 245) 15 6.1 1.2 | G-2 
Brigham Utah 5,200 1923 July-Sept. 230) 15 6.5 | 4.4 | G2 
b Chicago Ill. 2,965,000 1923 Nov. 228) 23 10.1 | D-2 
Springfield Mo. 57,500 1936 | June-Sept. 225) 26 | 11.6] 0.4] BS 
_ Minneapolis Minn 464,350 1935 May 213 7 | 3.3] - D-1 
Helena Mont 12,000 1929 Sept. 205, 17 | 8.3 1.7 | G-2 
Bloomington Ill. 28,720 1920 Jan. 200; 24 | 12.0 0.7 | F3 
Taylorsville & Co. Ky. 6,600 1935 June 186} 16 | 8.6] 2.8] B-l 
Mansfield Ohio 33,520 1936 March | 148 6 4.1 0.5 | F-4 
, Pittsburg Cal. 4,700 1920 May-June 144; 2 1.4] 3.1] D-3 
Lake City Utah 131,000 1924 Sept.-Oct. | 144) 12 | 8.3] 0.1 | D-2 
Ft. Wayne Ind. 100,000 1923 Nov.-Dec. | 140) 24 | 17.1] 0.2] F3 
Grafton W. Va. 8,000 1927 Dee. } 125) 20 | 16.0) 1.7] D-2 
Alpena Mich. 11,100 1920 March-May 118; 11 9.3} 1.1] D3 
« Albany N. York 117,800 1924 April 114. 14 12.3 0.1 | G-2 
Franklin Boro N. J. 4,000 1922 | Nov. 114; 18 | 15.8 | 2.9] F-3 
Covington-Newport Ky. 88,000 1923 Feb. 100 15 15.0 0.1 | D-2 
Seneca Falls N. York 6,400 1920 March-Sept. 1006 6.0) 1.6) D-l 
Mechanieville N. York 8,200 1920) Jan.-Oct. 96 10 10.4) 1.1! 
om Penn. 640 1924 ~ 90 14.0 | D-3 
Gouverneur N. York 4,140 1921 Sept.—Oct. 85 4 4.7 2.1) B-l 
Coalwood-Caretta W. Va. 400 1929 April 85 6 7.1 | 21.2 |PH-1 
tWinston Mo 7339 1929 May 82 3 3.7 | 24.2 B-l 
 Herington Kans. 4,200 1923 July-Aug 79 7 8.9 1.9 | A-4 
Sturgeon Bay Wisc. Rural | 1929 ug. 10.0 | B-5 
Percentage of all Typhoid Fever Cases Reported 12.585 50.7% 
Canada 
Cochrane {Ontario | 3,500 1923 Spring 935 70 7.5 | 26.7 | 
Pt. Gatineau | Quebec 2,000 1929 Aug. 200 «9 4.5 10.0 D3 
St. Leonard N. Bruns. 1,200 1927 Nov. 200 - 16.7 | A-2 
Ste. Scholastique Quebec 790 1931 Oct. 200 20 $10.0 25.3 
Terrebonne Quebec 2,000 1920 March 160 - - 8.0 G-l 
St. Jerome Quebec 8,000 1923 Nov. 115 4 3.5 1.4 | F3 
Bathurst N. Bruns. 3,500 1920 June-Aug. 115 - 3.3) A-l 
Edmundston N. Bruns. 5,000 1923 April 100 - 2.0 | A-2 
Lachine Quebec 15,000 1924 Feb.-March 88 11 12.5 0.6 | D3 
Potton Twsp. Quebec 350 1923 | A :il 87 9 10.3 24.9 A-l 
an 2,200 
Percentage of all Typhoid Fever Cases Reported 3.437 > 64.0% 
1 For explanation of symbols, see table 10-A. 
* Chautauqua Camp Meeting—population unknown. 
+ Consolidated School—enrollment of pupils and teachers. 
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TABLE 12 


Group Outbreaks in the United States of Special Significance 


' Includes 28 cases of Jaundice. 
* These totals are incomplete since several cities en d “‘many”’ cases. 


315 


TYPHOID FEVER DIAR- 
RHEA TOTAL 
Cases Deaths TERY FECTED 
| CASES 
Cities and Towns Having Water Treat- 
ment Facilities: 
Filtration with or without Chlorina- 
38 1,443 148 56,112 57,555 
Coagulation and Sedimentation. 2; 118 9 0 118 
Chlorination only 52 12,398 | 179 | 5,403 | 7,801 
Industrial Plants 2); 795 90 2,615 3,410 
Summer Resorts and Recreational Places 22 1,258 5 2.905 4,163 
Schools and Colleges 1] 212 12 498! 710! 
Other Institutions. 150 14 35 185 
VEO COMPS. } 52 4 350 402 
169 6,426 471 67,918? 74,3442 
Per cent of 1920-36 totals.............. 2.4 51.1 54.6 65.9 64.3 
CLASS- NUMBER 
IFICA- CAUSE OF OUTBREAK OF OUT- 
TION BREAKS 
F-3 Cross-connection with polluted water supply. 36 
D-1 Inadequate control of filtration and allied treatment ore 22 
D-2 Inadequate chlorination—only treatment...................... 19 
D-3 Interruption of chlorination—only treatment. 17 
H-2 Use of polluted water not intended for drinking purposes 15 
B-1 Surface pollution of shallow wells i) 
A-4 Contamination of spring or infiltration gallery by pollution on 
watershed 7 
H-3 Cause of outbreak undetermined 6 
A-2 Use of polluted water from a river or irrigation ditch, untreated 5 
B-6 Underground pollution of well or spring—source unknown 4 
C-1 Seepage from sewer or surface into cracked cistern or reservoir 4 
G-2 Seepage of surface water or sewage into gravity conduit } 
A-1 Contamination of brook or stream by pollution on watershed. 3 
B-4 Pollution of well from adjacent sewer or sewage tank 3 
B-5 Underground pollution of well or spring in creviced limestone or 
fissured rock 3 
B-8 Overflow of sewer or flood water into top of well casing 3 
H-4 Data insufficient for classification 3 
A-5 “ ontamination of spring or infiltration gallery by flood w ate! rs 1 
B-2 Faulty well casing or construction 1 
D-4 Misce ‘llaneous water treatment 1 
F-4 Break in mains permitting sewage or river water to enter ] 
G-1 Auxiliary intake to polluted water supply... l 
H-1 Use of polluted private supply because of objec tionable taste or 
Source of Pollution in Water Works System 
C Contamination of Reservoirs and Cisterns 4 
D Inadequate Control Over Water Purification... 59 
F Contamination in Distribution System. ..................... 37 
G Contamination in Collection or Conduit System... 5 
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TABLE 12-A 
Outbreaks in Cities and Towns Having Water Treatment Facilities 
TYPHOID 
CASES | FEVER 9 
DIAR- 
2 DYSEN- 3 
| | TERY $ | 
| pe | A | a Osy 
Trt Osv 
United States Ole 
} 
Gadsden | Ala. 14,750. 1920. Sept. 35|—|F.c. | 
Talladega Ala. 6,700 1921 Dee.-Jan. 25 | — | Cl. Ds Bas 
Talladega Ala. 6,880 1923 March 17) — | CL. D-2 
Harrison Ark. 3,630 1936 Feb. | goi—|/—ia H3 
Pittsburg Calif. 4,700 1920 May-June + Many § 144 2 1c D3 Del: 
Brawley Calif. 5,400 1921 April | 18 3 Sed. A-2 EI 
Idaho Falls Idaho 9,000 1928 Dec. 18 | — D3 E. I 
Chicago Ill. 2,965,000 1923 Nov. Many | 228 | 23 | Cl. D-2 Well 
Charleston Ill. 7,300 1925 Nov. 2,000 | - — | F.C. D-1 Man 
Chicago Ill. 3,376,000 1933 June 80; 1] 1/CL F.3 
Chicago Ill. 1933} June-Dec. | 1,409%| — Cl. F-3 4 
Chicago lll, 1933, Dee. 175 | 3) Cl. F3 
Chicago Ill. | 1934. May-June 300 | 69 | 9 H-2 
Chicago Ill. 1935) Oct. 834) — | — | CL F3 
Anderson Ind. 30,000 1920 Nov.-Dec. Many | 18) 2 F.C. D-1 L 
Liberty Ind. },400, 1923 July 12 2 | Cl. D3 N 
Hammond Ind. | 1924) Spring — | Cl. D-3 W 
Washington Ind. 8,800 1924 Dec. 12 2 13. D-1 
Fort Wayne Ind. ' 114,950 1934 April-Sept. | a 23) 9 | F.C. H-3 Allen 
Covington- Ky. 88,000 1923) Feb. 300 | 100 15 | Cl. D-2 Morri 
Newport 
Westernport Md. 4,000 1920 Sept. 32 | - — |Cl. D-3 Cham 
Westernport Md 4,174) 1921) Dec. 24; — D-3 A 
Westernport | Md. 4,700, 1925 Oct. 10, — |Cl. A4 Georg 
Havre de Grace Md. 4,200 1925 Sept.-Deec. 17 1 | F. D-1 Salt I 
Lonaconing Md. 2,400 1926) Aug. 34 | — | — C-1 
Annapolis Md. 12,230 1927, Jan.—Oct. | 20; — H-3 
Sparrows Pt. Md. 6,380, 1935| June 245 | — | — | F.C. H-3 Kelso 
Lawrence Mass. 85,000 1930; Dec. 10| — | F.C. F3 Affinit 
Pittsfield Mass. 49,680 1934 Oct. 30 — |CL H-2 Hintos 
Alpena Mich. 11,100| 1920 Mar.~May 118 | 11 | Cl. D-3 Reon 
Tonia Mich. 6,950) 1921, Aug.-Sept. 19 | — | Cl. D-2 Williar 
Detroit Mich. 1,300,000 1926 Feb. | 1 F.C. D-1 Susie 
Gladstone Mich. 5,170 1934. May |} — |/Cl D-2 Sutton 
Bessemer Mich. 4,050 1935 July-Aug. — |Cl. | D-2 Marlin 
Minneapolis Minn. 464,350 1935 May-Aug. 7 Tee. D-1 Taplin 
Pierce City Mo. 1,500 1925 Nov. — | Cl. D3 ai 
Springfield Mo. 57,500 1936 June-Sept. 26 | F.C. B-5 Charles 
Franklin Boro N. Jer. 4,000 1922 Nov. 18 | F.C. F-3 Two R: 
Las Vegas N. Mex. 5,000 1927 Sept.—Oct. oe ck D-2 
Mechanicville N. York 8,200 1920 Jan.-Oct. 10 | F.C. D-1 
Mt. Vernon N. York 42,750 1920 Mar.-April — | F.C. D-1 
Seneca Falls N. York | 6,400 1920 Mar.-—April 6 | Coag. D-1 Raymoy 
Albany N. York | 117,800 1924 April 14 | F.C. G-2 Raymor 
Yonkers N. York | 117,000 1925 Dec.-Jan. 3 | F.C, F3 Hanove 
Akron N. York | 2,100 1926 Aug.-Nov. 18 | Cl. D-2 Hawkee! 
Rochester N. York | 317,000 1926) Dee. 4| Cl. FS Rainy F 
Albany N. York | 118,000 1927) Oct.-Nov. i 1. F3 Smooth 
Cohoes N. York 23,300 1927 Sept.—Oct. 5 | F.C. F3 Owen So 
Hornell | N. York 16,000, 1927, Sept.—Oct. | F.C. Kingsvil 
1Cl. = Chlorination only; Coag.S. = Coagulation; P.F. = Pressure Filters; F. = Filtration; sl 
= Filtration and Chlorination; Sed. = Sedimentation, Berthier 
? For explanation of symbols, see table 10-A. 7 Pt. Gatir 
*Amebic Dysentery. Laurenti 
4 Includes 3 Cases Amebic Dysentery. * 
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TABLE 12-A—Concluded 


| | | | | TYPHOID | 
CASES FRYER 
| DIAR- 
z DYSEN- 
< TERY % 
| | | | 
United States—Concluded 
Oswego N. York 22,369 1927 Aug.—Oct. 10; 2 
Oswego N. York 22,400 1927 Dec.-Jan. 500 . 
Cine N. York | 20,740 1928 Sept.-Oct. 245 | 15 
Old Forge N. York 840 1936 Sept. 232i);-|- 
Banners Elk N. Car. 350 1933) March | 40| 3 
Grand Forks N. Dak. 16,500 1928) Jan. 300 |} — | — 
Grand Forks N. Dak. 1929 Feb. Many 
Grand Forks N. Dak. 17,110 1934 July 30 | — | — 
Delaware Ohio 8,760 1921 Sept.-Dee. 373 10; — 
E. Liverpool Ohio 21,410 1920 — | 10 
E. Liverpool Ohio se 1921 - _ 12 
Wellsville Ohio | 8,900 1921 May | 30 3 | 
Mansfield Ohio 33,520 1936 March | 148 6 
B Ore. | 17,700 1927| Feb. 
A Penn. 17,500 1921 500 | — | — | 
B = Penn. 9,990 1921 
Penn. 7,600 1921 —| 
F ¥ Penn. 1,950 1922 — 200 | — | —| 
L Penn. 560) 1923 — 
N Penn. 640 1924 — 
W Penn. 550 1927) 4); — | 
x Penn. 5,400 1928 ~- 28 
Allentown Penn. 92,500 1936 April 20 ~ 
Morrisville Penn. 5,400 1936 Dec. 1,00 | — | — 
Snowshoe Twp. Penn. Rural) 1931; Nov. 9 1 
Chamberlain S. Dak. 1,530) 1933. Jan.-Mar. 282 | 29 
A Tenn. 1,500 1928 Jan. 300 | 14 2 
Georgetown Texas 3,000 1936, Sept. 16 
Salt Lake City Utah 131,000 1924. Sept.-Oct. 144 12 
Luray Va. 1,500 1928 19 1 
Everett Wash 29,300 1923, July-Oct. 86 | 10 
Kelso Wash. 2,500 1923) Oct. 33; 4 
Affinity W. Va. 220 1922 48; 1 
Hinton W. Va. 3,910 1922) Jan. 10} - 
Parsons W. Va. 2,000 1922 March 22; 2 
Williamson W. Va. 7,000 1924 July ill — _ 
Grafton W. Va. 8,000 1927 Dec. 125 | 20 
Sutton W. Va. 1,000 1927) Oct. 100 
Marlinton W. Va. 1,200 1929 Oct. 4; 3 
Taplin W. Va. 60 1929 Feb. 30 | — 
Romney W. Va. 1,200 1929 Feb. 16 1 
Charleston W. Va. 60,500 1930 Nov. 6, 500 - 
Two Rivers Wisc. 9,510 1929, Jan. 20 
Canada 
Raymond Alberta 1,500 1930 Sept. 8 2 
Raymond Alberta 1,500 1931) April 8 2 
Hanover Ontario 2,800 1921 June-July 56 2 
Hawkesbury Ontario 5,400 1922 May-June 34 - 
Rainy River Ontario 1,600, 1922 April 19; — 
Smooth Rock Falls Ontario 800 1923 Feb. 28 5 
Owen Sound Ontario 12,000 1925 Sept. 32 4 | 
Kingsville Ontario 2,400 1927) April 56 5 
Essex Ontario 1,850 1929 March | 42) — 
Lachine Quebec 15,000 1924, Feb.-March | 88 | 11 | 
Berthierville Quebec 2,000 1929 July 5| — 
Pt. Gatineau Quebec 2,000 1929 Aug. 200 9 
Laurentides Quebec 1,200 1930 April 144) — | 


Richmond Quebec 2,600 1933, Jan. 9| — |CL | F3 
*Cl. = Chlorination only; Coag.S = Coagulation; P.F. = Pressure Filters; F. = Filtration; ; 


F.C. = Filtration and Chlorination; Sed. = Sedimentation. 


‘For explanation of symbols, see table 10-A. meal : — 
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TABLE 12-B. 


Outbreaks in Industrial Plants 


Total 


1 Includes 3 Cases Amebic Dysentery. 


3 Includes 11 Cases Amebic Dysentery. 


80 | 


TYPHOID 

FEVER 

=<& 
TYPE PLANT PLACE YEAR MONTH < = 

United States 
Not Given A Ariz. 1929 Jan.-Feb. | 350 60 16 H-2 
Cannery Isleton Calif. 1930 | May 6 2 A? 
Cannery Isleton Calif 1931 May 10 A-2 
Railroad Shops Bloomington Til 1920 Jan 1,000 209 24 F-3 
Not Given Maywood Ill 1920 Oct 75 F-3 
Soap Plant Chicago Il! | 19833 June | 30 1 1 F-3 
Candy Factory | Chicago Ill 1933 | Dee. 175 | 3 F3 
Stock Yards Chicago Ill. 1934 May-June 3008 69 2 H-2 
Manufacturing Chicago Il. 1935 Oct. 83! F3 
Plow Factory Waterloo | Iowa 1929 Jan.-Feb. 5 B-2 
Cannery Adamstown Md 1926 Sepf. 22 B-l 
Not Given Lawrence Mass 1930 Dee. 10 F-3 
Mill Fiskdale Mass 1932 | Oct 100 D-1 
Packing Plant 8. St. Paul Minn 1929 | June 300 F-3 
Woolen Mill Minneapolis Minn 1935 | Oct.-Nov. 42 2 H-2 
Not Given Hamilton Twp. N. Jer. 1921 | May 7 A-l 
Mill Amsterdam N. York | 1920) Oct.~Nov. 22 2 F-3 
Not Given Whitesboro N. York 1920 Oct. 5 H-1 
Not Given Albany N. York | 1927 | Oct.-Nov. 80 30 1 F-3 
Not Given Cohoes N. York | 1927 | Sept.-Oct. 48 5 F-3 
Mill Oswego N. York | 1927 | Aug.-Oct. 10 2 F-3 
Not Given Springfield | Ohio 1928 Aug. 37 4 B-5 
Not Given Ada Okla. 1926 March 36 3 F-3 
Bakery Reading Penn. 1936 | July 16 B-4 
Dairy Brookville Penn. 1931 | March 21 2 H-2 
Sawmill Lexington Co. S. Car. 1935 | June 15 B-4 
Woolen Mill Winooski Vt. 1934 Jan. | 13 1 F-3 
Mill Everett Wash. 1923 | July-Oct. | 86 10 F-3 
Not Given Neenah Wise. 1920 Sept. 19 S F-3 
Not Given Green Bay Wise. 1921 Sept. 31 4 B-6 
Not Given Wausau Wise. 1923 July 20 7 3 F- 
Not Given Wausau Wisc. 1¢24 June 60 4 F- 
Canada 

Not Given Hawkesbury Ontario 1922. May-June 34 F- 
Not Given Chippawa Ontario 1923. April 10 2 1-2 
Not Given Cornwall Ontario 1929 May 12 4 F-3 
R.R. Shops Richmond Quebec 1933. Jan. | 9 | F3 
Paper Mill East Angus Quebec 1934 March | 15 | F3 


2 For explanation of symbols, see table 10-A. 


TABLE 12-C.—Outbreaks in Summer Resorts and Recreational Places 


Camp Meeting 
Public Park 
Barbecue 
Public Park 
Resort 

Pienic 

Resort 

Resort 

Resort 

Public Park 
Interstate Pk. 
Public Park 
Interstate Pk. 
Hotel ‘‘S”’ 
Hotel ‘“‘R.R.” 


Hotel ‘‘C”’ 
Hotel ‘““T-L”’ 
Hotel “SM” 
Roadhouse 
Picnic 


Total 


1 Includes 4 Cases of Bacillary Dysentery. 


Winona Lake 
Herington 
Fort Scott 
Herington 
Fairview Bch. 
Lawrence 
Grand Marais 
Grand Marais 
Ozark Beach 
Englewood 
Bergen 
Englewood 
Palisades 
Indian Lake 
Bethel 
Highland 
Warwassing 
Liberty 
Rockland 
Schroon 
Laurelville 
Redmond 


United States 


Ind. 1925 | July 
Kans. 1923 July-Aug. 
Kans. 1930 Sept. 
Kans. 1933, Aug. 
Md. | 1932 | July 200 
Mass. | 1930 | Sept.-Oct. 
Minn. | 1933 | Aug.—Dee. 52 
Minn 1934 | Aug.-Dec. 60 
Mo. 1928 | June-July 2,000 
N. Jer. 1924 June 
N. Jer. 1925 | June 
N. Jer. 1936 | Aug. 
N. York | 1925 | July-Aug. 
N. York | 1936 | July 25! 
N. York | 1936 | July 20 
N. York | 1936 | July S 
N. York 1936 | July 20 
N. York | 1936 | July 20 
N. York | 1936 | Aug. 300 
N. York | 1936 | Aug 200 
Penn. 1936 | July 
Wash 1936 June 
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TABLE 12-p 
Outbreaks in Schools and Colleges 
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VOL. 31, NO. 2] WATER-BORNE 


TABLE 


OUTBREAKS 


Multiple Outbreaks in the Same Community 


TYPHOID FEVER 


STATE OR 
PROVINCE 


YEAR 
| Cases Deaths | 


CITY OR TOWN 


United States 


CASES DIARRHEA 
AND DYSENTERY 


| CLASSI- 
|FICATION! 
| 


Many 


ww 


~ 


Alabama Talladega 1921 25 | 

Alabama Talladega 1923 17 
California Isleton 1930 6 2 

‘alifornia Isleton 1931 10 

Illinois Chicago 1923 | 228 23 

Illinois Chicago 1933 3 

Illinois | Chicago 1933 1 1 

Illinois | Chicago 1933 

Illinois | Chicago 1934 69 2 

Illinois Chicago 1935 

Indiana Ft. Wayne 1923 140 24 

Indiana Ft. Wayne 1929 53 3 

Indiana Ft. Wayne 1934 23 9 

Indiana | Greencastle 1933 | 7 

Indiana Greencastle 1935 | 9 

Indiana | Seymour 1931 35 

Indiana | Seymour 1932 28 2 

Kansas Herington 1922 

Kansas Herington 1923 | 79 7 

Kansas Herington 1933 | 5 

Maine Bucksport 1930 7 2 

Maine Bucksport 1931 | 6 

Maryland Westernport 1920 | 

Maryland Westernport 1921 | 24 

Maryland Westernport 1925 10 

Massachusetts Cohassett 1931 

Massachusetts Cohassett 1934 | 

Massachusetts Lawrence 1930 | 10 

Massachusetts Lawrence 1930 | 7 

Minnesota Grand Marais 1933 

Minnesota Grand Marais 1934 

Minnesota Minneapolis 1935 2 

Minnesota Minneapolis | 1935 213 7 

New Jersey Englewood 1924 | 10 

New Jersey Englewood 1936 44 5 

New York Albany 1924 114 14 

New York Albany 1927 | 30 1 

New York Oswego 1927 | 

New York Oswego 1927 10 2 

North Dakota | Grand Forks 1928 | 

North Dakota Grand Forks 1929 

North Dakota ey Forks 1934 

Ohio . Liverpool 1920 | Unknown 10 

Ohio | Liverpool 1921 Unknown 12 

South Dakota | G ‘hamberlain 1925 s 

South Dakota | Chamberlain 1933 282 29 

Wisconsin Sturgeon Bay 1921 21 1 

Wisconsin Sturgeon Bay 1922 31 3 

Wisconsin Sturgeon Bay 1924 20 2 

Wisconsin Fond du Lac 1922 12 

Wisconsin Fond du Lac 1929 50 3 

Wisconsin Wausau 1923 7 3 

Wisconsin | Wausau | 1924 | 4 

Canada 

Alberta | Raymond 1930 8 2 

Alberta Raymond 1931 s 2 

Quebec Ste. Genevieve | 1933 12 | 

Quebec Ste. Genevieve 1934 11 1 

Quebec La Perade 1931 11 

Quebec La Perade 1931 302 4 


! For explanation of symbols, see table 10-A. ; : 

* Milk-borne outbreak resulting from water-borne infection. 
* Includes 1409 cases of amebic dysentery. 
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.,° it Typhoid Fever in Minneapolis and 
4: Gastro-enteritis in Milwaukee 
veers. 


Committee Report 


HE present standard methods of bacteriological examination of 

samples of water have been developed as a result of long years of 
experience. Furthermore, the Treasury Department Standards as 
to the quality of potable water used in interstate traffic have served 
quite successfully as a guide to the sanitary quality of water delivered 
to municipalities throughout the country, although originally in- 
tended for specific use in appraising the quality of supplies used in 
interstate traffic. What is more important, there has been a marked 
reduction in the incidence of water-borne disease as a result of im- 
provements in the protection and treatment of public water supplies 
based upon the methods of control outlined above. It is evident, 
therefore, that data which tend to indicate the inadequacy of the 
present procedures must be very carefully analysed before confidence 
in such procedure is destroyed. 
: Comprehensive investigations of water-borne gastro-enteritis and 
typhoid fever by the various agencies have indicated quite clearly 
that practically all such outbreaks are due either to the temporary 
t pollution of untreated supplies normally of satisfactory quality, to 
structural failure in water supply systems or water filtration plants, 


to neglect or failure to operate properly water supply systems, or to 
— eross-connections, ete., which conditions lead to the definite pollution 


report submitted by the Coérdinating Committee on Methods of Water 
; Treatment and Laboratory Control. Members of the Committee are: Georg 
a Norcom, Chairman of the Committee and Consulting Sanitary Engineer 
and Chemist, Red Bank, N. J.; Charles R. Cox, Chief, Bureau of Water Supply, 
Div. of Sanitation, State Dept. of Health, Albany, N. Y.; Leon B. Reynolds, 
Professor of Hydraulics and San. Eng., Stanford University, California; 
William M. Wallace, Supt. of Filtration, Water Works Park, Detroit, Mich.; 
and Louis F. Warrick, State Sanitary Engineer, State Board of Health, Madi- 
son, Wisconsin. 
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of the supplies as indicated by standard laboratory technique. In 
a few instances, however, water-borne disease has occurred when the 
normal procedures used in the control of water suplies indicate that 
conditions apparently were satisfactory. Before such exceptional 
occurrences are taken at their face value, however, and confidence in 
present standards and control procedure is destroyed, very careful 
study of available data is needed. For this reason the reports upon 
the typhoid fever epidemic at Minneapolis and the outbreak of 
gastro-enteritis at Milwaukee bave been summarized herewith, 
following which a general discussion will be presented, so that atten- 
tion will be focused upon the various factors involved to the end that 
undue weight will not be placed upon the scarcity of samples of 
treated water containing coliform organisms. 


Report by Minnesota Department of Health 

The water supply of Minneapolis is secured from the Mississippi 
River and is subject to treatment at two independent filtration 
plants. Ninety-two unsewered and 69 sewered municipalities are 
located on the watershed of the river above Minneapolis, and 21 ty- 
phoid carriers are known to reside on this watershed. It is evident, 
therefore, that the river is subject to significant pollution. During 
March to July, 1935, inclusive, the river water treated at the Fridley 
filtration plant had an average coliform index of 1,762 per 100 e.c. 
and 1,033 per 100 ¢.c. at the Columbia Heights plant, which pollution 
is greater than usual for the river at these points. The index ex- 
ceeded 10,000 per 100 ¢.c. in 10 per cent of the raw water samples at 
the Fridley plant and in 5 per cent of the samples at the Columbia 
Heights plant. Such results have been shcwn to constitute a degree 
of pollution which would overtax a conventional filtration plant 
where single chlorination is practiced. The raw water supply of the 
Columbia Heights plant is settled in a raw water reservoir, which 
reduces and renders more uniform the degree of pollution of the water 
subject to treatment. 

A total of 214 cases of typhoid fever traceable to the water supply 
occurred, 174 being in Minneapolis residents and 40 in persons living 
outside of Minneapolis, some of whom lived in nearby villages re- 
ceiving their public water supply from the Fridley plant. The 
duration of the epidemic was from the first half of May until early in 
August. 

Cases of typhoid fever began 


to occur in Minneapolis approxi- 
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mately one month after the concentration of residual chlorine jn 
samples of water entering the distribution system fell to 0.1 p.p.m., 
or less, and ceased occurring approximately one month after the 
residual was increased by post-chlorination with ammonia to 0.3 
p.p.m., or more. During the critical period, however, the pre- 
chlorination with doses of 11 to 21 pounds per million gallons, pro- 
duced concentrations of residual chlorine in the filter influent of 0.15 
to 0.25 p.p.m. after a reaction period in.the coagulation basins of 
theoretically 17 hours and actually about 12 hours. The filter 
effluent, however, contained less than 0.1 p.p.m. residual chlorine, so 
on May 6 post-chlorination was started. However, this did not raise 
the residual chlorine content of the water in the distribution system 
above 0.1 p.p.m. Post-ammoniation, therefore, was started on June 
30, which with increases in the post-chlorine dose resulted in higher 
concentration of residual chlorine, so that values exceeding 0.5 p.p.m. 
were obtained after July 13, 1935. 

It is evident from the above that bacteria present in the raw water 
were subject to appreciable chlorine dosages even though a relatively 
low concentration of residual chlorine was present in the water 
pumped through the distribution system before post-chlorination and 
post-ammoniation were started. 

Coliform organisms were present in one of the thirty 10 ¢.c. portions 
of daily samples of the plant effluent and of water entering the dis- 
tribution system on April 21 and 28, and May 2, 3 and 4, during 
which period the plant effluent contained less than 0.1 p.p.m. 
residual chlorine. It is significant to nofe that coliform organisms 
were absent from all portions of the other samples of treated water 
examined by the Minneapolis Water Department during the critical 
period of March to July, 1935. However, 36 out of 599 samples 
from points on the distribution system, collected and analysed by the 
Minnesota Department of Health on 21 days between June 22 and 
August 10 contained coliform organisms in at least one of three 50 
c.c. portions examined, whereas the Water Department failed to 
demonstrate the presence of coliform organisms in any of the routine 
-samples which it collected from the distribution system on these or 
other days during this period. 

As a result of very extensive epidemiological investigations of this 
outbreak, the Minnesota State Department of Health concluded 
that the source of the infection was water from the Fridley plant. 
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Particularly important features of the water supply discussed in 
relation to this conclusion are as follows: 

1. The degree of pollution of the raw water is such that the puri- 
fication treatment applied to the water should include pre-chlorination 
of the raw river water followed by coagulation and sedimentation, 
filtration and post-chlorination. 

2. This degree of treatment was lacking at the Fridley plant during 
the early weeks of the epidemic. 

3. The frequency of sampling of the raw and treated water was 
such that estimates made on results may not have truly indicated 
the actual quality of the water. 

4. The period of the epidemic coincided epidemiologically with the 
period of low residual chlorine in the water supply. 

Research carried out in connection with this study led to the con- 
clusion that certain strains of FE. typhosa are more resistant to chlorine 
under certain conditions, than are some coliform strains. 

The detailed studies of the water supply disclosed many physical 
defects in the pumping stations, the purification plants, on the dis- 
tribution system, and in plumbing systems, constituting potential 
hazards to the safety of the supply. Recommendations are included 
for the correction of these defects and for the improvement of the 


operation and administration of the supply. wins 


Report by Wisconsin State Board of Health are 

The water supply of Milwaukee is pumped from Lake Michigan 
through two intakes. The main Linwood Avenue intake is located 
6,500 feet from shore and about 43 miles northeast of the mouth of 
the Milwaukee River. The emergency, or North Point, intake is 
located about 8,100 feet from shore and about 33 miles from the 
mouth of the river. Due to the construction of a new filtration plant 
to serve Milwaukee, the emergency intake was used from October 
13, 1937 to February 24, 1938. 

The Milwaukee supply is treated at present by chlorination alone 
pending the construction of the new filtration plant. During Feb- 
ruary, 1938 the dose of chlorine varied between 0.4 and 0.96 p.p.m., 
which according to available records produced concentration of 
residual chlorine at the pumping stations of between 0.26 and 0.72 
p.p.m. and between 0.13 and 0.38 p.p.m. in samples collected at the 
City Hall. There is no record of interruptions in chlorine treatment. 
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Frequent ortho-tolidine tests are made at the water department 
laboratory, supplemented by similar tests twice each day by the 
laboratory of the municipal health department. Furthermore, tests 
for turbidity and bacteriological examinations are made twice each 
day of various samples by both the water department and the loca] 
health department. 

Unseasonable weather prevailed during February, 1938, when the 
minimum temperature on 12 days and the maximum temperature on 
7 additional days was above freezing, and when 3.33 inches of rain 
fell, which resulted in high rates of discharge of streams emptying 
into the Milwaukee Harbor during the period of February 5 to 28, 
1938. This in turn resulted in a marked increase in the degree of 
pollution of the lake water reaching the intake. During the month, 
raw lake water at the intakes had a turbidity range of 1 to 12 p.p.m. 

The results of the bacteriological examinations of the lake water 
indicated 37°C. bacterial counts of 9 to 1,000 per c.c., with averages 
of 63 per c.c. and coliform indices of 8 to 2,400 per 100 ¢.c., with 
an average of 179 per 100¢.c. The chlorination of the raw lake water 
reduced the 37°C. bacterial count to some extent, but not to as 
marked a degree as would be anticipated, the counts ranging from 
2 to 175 per ec.c., with an average of 27 per c.c. at the North Point 
pumping station and 4 to 190 with an average of 26 per c.c. at the 
Riverside station and 3 to 196 with an average of 36 per c.c. at the 
City Hall. On the other hand, a marked reduction occurred in the 
content of coliform organisms, because these organisms were not 
isolated from any samples of chlorinated water except one collected at 
the City Hall on February 9, which gave positive results in two of th 
five 10 c.c. portions of the sample examined. These results would give 
an index of 5 per 100 e.c. (M.P.N.—Most Probable Number, all 
coliform indices being so reported) for this specific sample. During 
this period, however, lactose fermenting organisms were present in 
samples of chlorinated water, their concentration being proportional 
to the 37°C. counts mentioned above. 

A total of 1,315 cases of gastro-enteritis were subject to intensive 
investigation by health officials, from which it was concluded that 
about 4.5 per cent of the total population of about 700,000 served by 
the Milwaukee water supply system contracted gastro-enteritis 
during February, 1938, most of the cases having dates of onset 
during February 7 to 21, 1938. The cases occurred among all 
age groups and were widely distributed throughout the city and 
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adjacent municipalities supplied with water from the Milwaukee 
system. <A few cases occurred in nearby municipalities but in such 
instances there were definite records of visits to Milwaukee during 
February. 

In general, the number of cases of gastro-enteritis occurring on any 
given date closely paralleled the number of miscellaneous bacteria in 
the raw and chlorinated water, the coliform index of the raw water, 
and the number of positive presumptive tests of the tap water. 

A “boil water” order was issued by the health department on 
February 11 and rescinded on February 18. Apparently this order 
was not completely effective because the number of new cases con- 
tinued to increase, but not to as marked an extent as immediately 
following the rescinding of the order, the maximum number of cases 
occurring on February 21. Meteorological conditions by this time 
had considerably modified and the raw water returned to normal 
quality, which was accompanied by a marked reduction in the num- 
ber of new cases until the epidemic ceased about February 28, 1938. 

The report closes with conclusions and recommendations, which 
may be summarized as follows: 

“From the investigation of the gastro-enteritis outbreak occurring 
in Milwaukee in February, 1938, it is concluded that the most prob- 
able cause was the water supply. From the facts,it would appear 
that the water treatment facilities available in the city of Milwaukee 
at that time were inadequate for purification of water for an emer- 
gency of the character experienced during the period of outbreak, 
and no negligence can be attributed to the health and water works 
authorities for the occurrence of the outbreak since chlorine residuals 
appeared ample at all times and the B. coli [coliform] index of the 
tap water was well below the accepted Treasury Standards for a safe 
drinking water. 

“Recommendations included tentative standards for chlorinated 
surface water supplies. These provided that the B. coli [coliform] 
index should not exceed 0.2 per hundred cubic centimeters, that the 
bacterial count at 37°C. should not exceed 50, that chlorine demand 
of the water should not exceed 0.20 p.p.m., and the residual chlorine 
should at no time be less than 0.2 p.p.m. 

“Tests for residual chlorine should be made at least every two 
hours, the equipment to be such that color and turbidity will not 
result in errors. Chlorine requirements of the water as set forth in 
Standard Methods of Water Analysis, and nitrite determinations 
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were recommended as additional tests for control of purification 
processes. One hundred milliliter test portions were to be used for 
determination of B. coli [coliform] indices.” 


Comments by the Committee 


The summarized information presented above is not sufficiently 
complete to permit independent conclusions being drawn, so one is 
referred to the original reports for more complete data. 

In general, it would seem that the appraisal of such data should be 
based upon a broad perspective, where due weight is given to the 
numerous factors influencing the over-all quality of the water reaching 
the public. For instance, the appraisal of the sanitary quality of the 
water delivered to the public preceding and during an outbreak should 
be based upon more than the bacterial content of the water insofar 
as disclosed by the coliform index alone. A complete picture can be 
secured only by a study of data as to the origin, degree and variability 
of the pollution of the raw water, the reliability of the treatment 
plant as a structure, the reliability of the operating staff, the adequacy 
of existing control procedures, the details as to laboratory technique, 
completeness and significance of the records, frequency of sampling, 
and finally the quality of the water actually reaching the public. 
For example, the effectiveness of chlorination cannot be judged by 
the tabulated results of the ortho-tolidine test alone, but data are 
needed as to the location of sampling points, period of contact of the 
chlorine before water reaches the public and also before samples are 
collected for the ortho-tolidine test, the presence or absence of sub- 
stances which might modify the results of such tests, the frequency 
of sampling, the character of the water, such as pH value, ammonia 
content, chlorine demand, turbidity, etc., which directly influence 
the rate of disinfection. Similarly, the information as to content of 
coliform organisms should be accompanied by secondary bacterio- 
logical data furnished by 37°C. agar counts and the results of the 
presumptive tests. 

So much dependence was placed upon chlorination, especially at 
Milwaukee, that more information was needed as to the concentra- 
tion of effective residual chlorine in the treated water, as determined 
by cbeck tests with potassium iodide, and as disclosed by factors 

influencing the rate of chlorination of the specific water. Definite 
data as to these factors probably would have indicated the need for 
some method of super-chlorination pending the completion of the 


filtration plant at Milwaukee. j 
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The recommendations of the Wisconsin State Board of Health as 
as to the quality of water supplies to be purified by chlorine alone 
should be studied in the light of current practice and efficiencies now 
being obtained by chlorination. If similar requirements were to be 
generally enforced throughout the country it appears that simple 
chlorination would be suitable only for the purification of selected 
well waters and comparatively few surface supplies. Interpreting 
the requirements strictly, a well water having a chlorine demand 
in excess of 0.2 p.p.m. and due almost entirely to hydrogen sulphide 
could not be subject to treatment by chlorine alone. The use of 100 
c.c. portions for coliform examinations would unquestionably furnish 
more information than the present Standard Method in the range of 
most probable numbers between 0.2 and 2.2 organisms per 100 c.c. 
Whether this range is of critical value in estimating the safety of a 
given water remains to be demonstrated. 

The typhoid fever epidemic at Minneapolis was unusual in that 
gastro-enteritis apparently did not precede the incidence of typhoid 
fever. This might be interpreted as indicating that the organisms 
causing gastro-enteritis, whatever they may be, were less resistant to 
the prevailing treatment processes than B. typhosus. The results of 
research given in the report tend to substantiate this inference. 
There seem to be too many uncertain factors, however, to permit 
such final conclusions being reached at this time, especially since the 
research-study of chlorine resistance of bacteria involved exposure 
only to residual chlorine and not the total dose required to produce 
these residuals. 

The Minneapolis report lays great stress on the fact that the 
degree of pollution of the Fridley raw water, as measured by the 
numbers of coliform organisms present, was such as to exceed the 
limits suggested by Streeter for the production of an effluent meeting 
the Treasury Standard at all times for a plant of this type. It would 
be difficult indeed to prove that because the degree of pollution of a 
raw water exceeds Streeter’s limits for a specific purification process, 
the effluent of such a plant would produce a typhoid epidemic per se. 
From the facts presented in the report regarding constructional 
defects whereby this water supply might have become dangerously 
polluted after filtration, it would seem that this possibility should have 
received greater emphasis. 

Stool specimens were not collected at Milwaukee, and thus data 
are lacking which would throw light upon a possible causative agent. 
This is unfortunate because experience elsewhere is indicating that 
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the prompt collection and examination of stool specimens will disclose 
in many instances the presence of one of the known pathogenic bac- 
teria causing dysentery, so that the outbreaks are shown to be mild 
dysentery rather than gastro-enteritis. 

So much attention is directed at this time towards the bacterial 
standard of quality of potable water that many workers act as if 
coliforms were pathogenic organisms and not indicators of pollution, 
so search for the organisms causing water-borne gastro-enteritis is 


[J. A. W. W. A, 


ended in many instances when coliform are discovered in the supply, 
and the water-borne nature of the epidemic is regarded as deter- 
mined. It should not be necessary to restate the basic fact that even 
though coliforms are present the water is not necessarily polluted with 
intestinal pathogenic bacteria. A fuller realization of this situation 
should result in attention being focused upon all factors governing 
quality of water, as mentioned above, and for greater attention being 
given to the origin of the coliform organisms present and changes 
in their concentration in raw water. The late Thomas M. Drown 
aptly stated that ‘“‘a state of change is a state of danger.’ The 
water works operator, therefore, is duty bound to be prepared to 
modify treatment processes to meet the changing conditions. 

It is dangerous to draw conclusions from data summarized in 
reports such as those under discussion. It seems safe to say, however, 
that the data available to this committee do not indicate any inherent 
weakness in available methods of operating and controlling water 
purification plants in general, nor in present standards of water 
quality, but rather that these methods were not followed fully and 
that too much confidence was placed in certain items of operation and 
control, especially results of a limited number of tests for coliform 
organisms in the treated water and the conventional ortho-tolidine 
test for residual chlorine. It would be unwise at this time, therefore, 
to attempt any formulation of more rigid standards which would 
apply to all public supplies without regard to local factors. 


Conclusions 


It is felt, therefore, that the following valuable lessons may be 
learned from these epidemics: 

1. The origin, nature and degree of pollution of the raw water, 
the effectiveness of the purification processes, and the quality of the 
water as delivered to the consumer must be subject to constant ob- 
servation and control. 
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2. More attention should be directed towards the prevention of 
pollution so as to minimize the load on water treatment plants. 

3. Treatment plants should provide an ample factor of safety at 
all times, thus making it possible for each step in the treatment 
process to be evaluated and additional treatment, such as super- 
chlorination, provided when needed. 

4. Chlorination should be subject to more critical analysis to the 
end that greater emphasis will be placed upon: (1) magnitude and 
variations in chlorine demand; (2) contact period; (3) quality of the 
water as affecting rate of disinfection; (4) quality of the water as 
affecting the results of the ortho-tolidine test; (5) frequency of collect- 
ing samples for this test. 

5. The bacteriological examination of water should be so co- 
ordinated as to reflect the prevailing quality of the water passing 
through the treatment plant and distribution system, and not merely 
the apparent intrinsic quality of isolated samples. 

6. The study of epidemics of water-borne gastro-enteritis should 
include the examination of stool specimens for the isolation of patho- 
genic bacteria, and a search for improved methods of bacteriological 
examination of samples of water. 


Needed Research 


The above conclusions suggest several fields for needed research: 

1. A further study of the degree of pollution of raw water and its 
relation to the safe loading of treatment works. 

2. A study of the nature of ‘residual chlorine” to determine the 
concentration of active, effective chlorine for disinfecting purposes 
with varying quality of water. 

3. An improved method of measuring the concentration of effec- 
tive chlorine free from the effects of interfering substances. | 

4. A further study of chlorine-resisting bacteria. ee 

5. The development of more precise bacteriological technique for 
the prompt determination of the sanitary quality of water. 

6. A study of the intestinal bacteria associated with gastro- 
enteritis. 
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Discussion by M. H. McCrady.* The report prepared for the 

committee covers so thoroughly the lessons to be derived from a 
study of the reports of these two outbreaks, that little may be added, 
except perhaps to emphasize the importance of certain of its recom- 
mendations. 

From the laboratory standpoint, although, as intimated in the 
report, the facts revealed concerning these outbreaks do not neces- 
sarily indicate a need for immediate revision of current methods of 
water examination, they point significantly to the advisability of 
intensive application of these methods, especially in the control of 
the larger water supplies. 

During the past ten or fifteen years there has been a tendency, 
in laboratory practice, to overemphasize the utility of the coliform 
test and the residual chlorine determination and to neglect other 
control methods that may, at times, prove very useful. It may not 
be inopportune to suggest that the utility of all of our present avail- 
able methods of analytical control—the lactose fermenter test, the 
coliform test (particularly that employing comparatively large 
volumes of sample), the 20°C. and 37°C. plate counts, the chlorine 
demand and residual chlorine tests, ete.—should be thoroughly in- 
vestigated by every control laboratory that possesses the necessary 
facilities. Such studies and a wider experience with these methods 
may modify some of our present conceptions of their relative value 
in water control work. 

The need for careful evaluation of the bactericidal effectiveness of 
chlorine residuals has very properly been emphasized in the report. 
Many raw waters are subject to sudden change, and it is well known 
that the proportion of bactericidal to indicated chlorine residual may, 
at times, change with variations in water quality. The errors to 
which residual tests are subject deserve more intensive study. 

This discussion should not be closed without mention of the sig- 
nificant fact that, at the beginning of each of the outbreaks under 
discussion, before the existence of wide-spread disease was recog- 
nized, certain remedial measures were promptly instituted by the 
municipal authorities upon the first slight indications of danger 
furnished by the coliform tests employed. It is very probable that 
these measures prevented the outbreaks from assuming more serious 
proportions than those recorded. 


* Chief of Laboratories, Quebec Provincial Ministry of Health, Montreal 
Canada, 
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Discussion by Abel Wolman.* The report for the Coordinating 
Committee on the typhoid fever epidemics in Minneapolis and the 
outbreaks of gastro-enteritis in Milwaukee brings before the water 
works profession material of the highest importance for the future. 
So much loose publicity had already been given to both of these 
epidemics that the authoritative comment on both epidemics in 
the present document is welcomed by all observers in this highly 
important epidemiological field. 

The evidence so far accumulated on both of these events does not 
appear to disclose any major defects in current methods of bacteri- 
ological examination or of control of chlorination. On the contrary 
it gives great support to the contention that the real deficiencies 
in both instances reported upon and in a great number of others of 
recent occurrence, lie in inadequate operating interpretation of 
recurrent significant changes in raw and untreated water supply 
samples. 

Professional workers in the field of water supply control have 
emphasized for decades the three fold importance of source, treat- 
ment and final product in the safety of a public water supply system. 
These three major elements of water supply cannot be separated 
from nor can they be assessed independently of each other. The 
use of the U. 8S. Treasury Department standards for water on inter- 
state carriers has unfortunately contributed also to the undue stress 
upon the final product. 

Many years ago, Drown pointed out that a state of change was 
a state of danger. The Committee on the U. 8. Treasury Depart- 
ment Standard in its revised report likewise took particular pains 
to emphasize the fact that all of the considerations attendant upon 
water supply quality must be given careful scrutiny day by day and 
hour by hour to provide safety for the consumer. 

The epidemics of the last fifteen years, on water systems presumably 
equipped with modern purification devices, indicate that in many 
instances their origin is not mysterious and that they might have 
been prevented with the exercise of normal caution. In other in- 
stances, it is equally apparent that too much reliance had been 
placed upon inadequate purification equipment. 

A renewed interest in the source, treatment and final product in 


*Professor of Sanitary Engineering, Johns Hopkins University, Baltimore, 
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the water supply field should flow from the report of the Coordinat- 
ing Committee and from other epidemiological reviews. The safety 
of a water supply should again be viewed from the standpoint of 
the composite system rather than from the point of view of 200 or 
300 ¢.c. of water taken all too infrequently from various treated 
sampling points. The faith which still persists in the sample bottle, 
representative of a minute portion of millions of gallons of water, is 
surprising. It is a faith which should be dispelled for the protection 
of the consumer. 

The laboratory evidence, developed in the Minneapolis situation, 
regarding the resistance of E. Typhosa, would appear, however, to 
require much more elaborate substantiation. Some research in 
this direction is now underway at the School of Hygiene and Public 
Health of the Johns Hopkins University and probably will be ex- 
tended, if not already accomplished, at other places. It is important 
that the preliminary findings on this subject should be exhaustively 
checked and reviewed, because the results in the Minneapolis investi- 
gations run so completely counter to accepted assumptions. 

The Committee might with profit review a later epidemic in 
Milwaukee than the one upon which it reports, in order to disclose 
whether it too was water-borne and whether similar difficulties in 
control were the cause. 

The findings of the Committee in the case of the Milwaukee water 
supply with reference to total bacteria in raw and chlorinated water, 
the coliform index of the raw water and the positive presumptive tests 
of the tap water give force to the fact that all of these should be 
implements of diagnosis of water quality in the future, as they should 
have been in the past. 

For these reasons the writer cannot accept so wholeheartedly the 
findings in the report by the Wisconsin State Board of Health on 
the Milwaukee outbreak to the effect “that no negligence can be 
attributed to the health and water works authorities for the oc- 
currence of the outbreak since chlorine residuals appeared ample at 
all times and the coliform index of the tap water was well below the 
accepted Treasury Standards for a safe drinking water.” 

This is equivalent to saying that a physician cannot be charged 
with inadequate diagnosis because he used the observations on an 
accepted clinical thermometer, but neglected to use a stethoscope 
or any of the other aids to diagnosis normally within the armamenta- 
. rium of a modern practicing physician. Any patient would have 


he. 
it 
oul 
pli 
] 
evi 
ren 
for 
Mu 
refil 
1 
recc 
Poll 
vari 
of 
to b 
by 
Asso 
Tl 
thore 


| 
| 
| 
| 
2 Dy 
by 
| 
| 
: 
Ps 
Deh 


VOL. 31, NO. 2] TYPHOID FEVER AND GASTRO-ENTERITIS 387 " : 


adequate cause for complaint if medical diagnosis rested solely upon 
the determination of the pulse rate and the estimation of bodily 
temperature. These may frequently be clinically sufficient, but the 
instances are too frequent where they are wholly inadequate by 
themselves. There is no sanitary engineering basis for the tacit 
assumption in the report that chlorine residuals and the coliform index 
of the tap water are the sole criteria of the safety of a public water 
supply. 

For the same reason it is doubtful whether the néw_ bacterial 
limitations proposed by the Wisconsin State Board of Health repre- 
sent completely adequate bases for the prevention of future epidemics 
under similar conditions. At any rate, these requirements should 
be carefully scrutinized before universal adoption and before assum- 
ing that they are adequate substitutes for more extensive diagnosis. 

These general principles are excellently discussed and presented 
by the Coordinating Committee. They revive principles which, of 
course, should not have been ignored. They are the same principles 
which are at the base of the tremendous progress made in this country 
by water works and health officials in bringing the typhoid fever 
death rate down to its present low level. 

The conclusions of the Coordinating Committee are decidedly 
helpful and suggestive. In item (1) of the Committee’s conclusions, 
it should be pointed out that the use of averages and the smoothing 
out of raw water bacteria counts obviously have dangerous im- 
plications when improperly interpreted by some operators. 

It is doubtful whether proposal (5) results from the epidemiological 
evidence which the committee itself presents. The question still 
remains as to whether a more precise or a less precise bacterial index 
for the determination of the sanitary quality of water is desired. 
Much of our difficulty in tap water diagnosis may result from the 
refinement of technique rather than from the opposite difficulty. 

The importance of this whole field of water-borne disease has been 
recognized recently in the decision of the Board on the Ohio River 
Pollution Survey to have a thorough epidemiological study of the 
various intakes on the Ohio River carried out under the direction 
of the U. 8S. Public Health Service. This detailed study is shortly 
to be initiated and should carry forward the observations made 
by the Coordinating Committee of the American Water Works 
Association. 

The Committee should be congratulated on this thoughtful and 
thoroughly useful document. 
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also J. A. W. W. A. 28: 421 (Mar. ’36).) 


ABSTRACTS OF WATER WORKS LITERATURE 


Key. 30: 402 (Mar. ’38) indicates volume 30, page 402, issue dated March 
1938. If the publication is paged by issues, 30: 3: 402 (Mar. °38) indicates 
volume 30, number 3, page 402. Material inclosed in brackets, [ 
or opinion of abstractor. Initials following an abstract indicate reproduction, 
by permission, from periodicals as follows: B. H.— Bulletin of Hygiene (Brit- 
ish); C. A.—Chemical Abstracts; P. H. E. A.—Public Health Engineering 
Abstracts; W. P. R.—Water Pollution Research (British). a @ 
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FIRE PROTECTION 


The 1938 Fire Loss in the United States. ANon. Nat. Fire Prot. Assoc. 
Quarterly 32: 200 (Jan. ’39). Based on estimates compiled by the National 
Board of Fire Underwriters for first 11 months of the year, with a figure for 
Dec. based on loss experience for same month in previous years. Notes up- 
ward swing in losses which began in July 738. 


1936 1937 1938 

$27 , 729 , 930 $25,069,895 $27 , 673 , 337 
380,909,896 28 , 654 , 962 26 , 472,626 
29,177,406 29,319,029 29 , 050 , 968 
25, 786 , 835 26 , 663 , 854 25,616,112 
21,479, 380 21 , 437 ,739 22,917 577 
22 , 357 ,020 19,812,485 20 , 434, 688 
20,413,537 19,349,756 23 , 372,528 
20,439, 136 21,097 ,670 24,797 ,624 
20,808 497 23,849,673 28 658 , 695 

Total 11 months........... $263 ,223,617  $254,547,142 $269, 291,056 

Total 12 months............ $293 357,245  $284,720.094 $303,291 ,056 


Adjusted loss figures... ... $266 659,449 $253,859,796 


(Released later in year.) 


It may be noted that the final loss figures for both ’36 and ’37 are less than the 


preliminary loss figures for those years. It may be assumed, therefore, that 


_ the adjusted loss figure for ’38 will also be lower than the preliminary estimate 


Annual fire loss figures also given for years 1916 to date.—P. S. Wilson. (Set 
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Use of Standard Small Hose Couplings. ANon. Nat. Fire Prot. Assoc. 
Quarterly 32: 218 (Jan. 39). Committee on Hose Couplings, R. W. Hendricks, 
Sec’y., 207 East Ohio St., Chicago, asks for comments and criticisms on pro- 
posals covering recommended practice for most efficient use of standard small 
hose couplings to permit max. degree of interchangeability and flexibility in 
fire fighting operations. Report to be submitted for final action in ’39, in- 
cludes: (1) all 14” fire hose couplings shall have the 14” Amer. (National) 
Standard, 1.990” o.d. and 9 threads per inch (2) all fire hose smaller than 14”, 
except so-called ‘‘booster’’ or chemical engine hose, shall be either }” or 1” in 
size (commonly known as garden hose) with }” couplings having threads con- 
forming to the National Standard, 1,';” 0.d. and 114 t.p.i. (3) all so-called 
‘‘booster’’ or chemical engine hose for fire dep’t. service be either }” or 1” with 
}” couplings having }” chemical engine thread, 1.375” o.d. and 8 t.p.i. (4) tips of 
all 23” shut-off nozzles and play pipes shall have 14” Amer. (National) Stand- 
ard thread; (5) all 14” tips and play pipes shall have the 14” Amer. (National) 
thread; (6) nozzles on all so-called ‘‘booster’’ or chem. engine hose shall have 
their tips threaded to permit extension of hose lines by means of garden hose, 
i.e. 1” o.d. and 11} t.p.i. Discussion given of reasons for recommendations 
together with drawings of standard 1}” fire hose coupling, garden and chemical 
engine hose couplings for {” hose, and various nozzles and nozzle tips. — Martin 
E. Flentje. (Pamphlet designated A.S.A. B33.1-1935 gives details of ‘‘Ameri- 
can Standard Hose Coupling Screw Threads,’’ }” to 2”, and may be obtained 
for $0.25 from Amer. Soc. of Mech. Eng., 29 W. 39th St., N. Y. City.) 


Electric Light and Power Plant Fire Record. ANon. Nat. Fire Prot. Assoc. 
Quarterly 32: 278 (Jan. 39). The larger and more modern companies take 
every precaution to reduce interruptions to service because of fire. New 
developments in plant equipment do not always decrease fire hazards. Types 
of improvements are tabulated in two groups: one group tending to reduce 
fire hazards, the others being ones which may not reduce fire hazards. Latter 
include developments such as higher voltages, pulverized fuel, hydrogen 
cooling for generators and greatly increased capacities for equipment units. 
Complete record of 271 fires in 12 years, ’27 to ’38 is compiled and critically 
analyzed. Construction of electric plants is generally completely non-com- 
bustible, but presence of large quantities of combustible oil and insulation in 
the equipment which may be easily ignited by electrical disturbances makes 
severe fires possible. Record shows that many of the larger losses were due 
to sub-standard building construction and inadequate fire fighting facilities. 
Causes of 271 fires are broken down to 53 classifications, grouped as follows: 
generators, 72; oil switches and circuit breakers, 38; transformers, 29; wiring, 
21; twenty minor electrical causes, 43; non-electrical causes, 26; common 
causes, 34. No positive means of safeguarding equipment from lightning has 
been discovered. Fires in generators spread rapidly, burning out an average 
of twenty-two coils per fire. High loss generator fires involved burning of 
large quantities of lubricating oils. Rupture of tanks holding large quantities 
of oil is a serious hazard since it spreads fire rapidly. Fires not confined to 
poorly constructed plants, but the well constructed plants seldom suffer major 
destruction. 30% of the fires occurred in hydro-electric plants. Total loss 
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for 271 fires was $2,506,000, av. of $12,700. 72% of fires less than $5,000 in 
value. Loss figures do not account for value of lost customers revenue due to 
interruptions in service. 51% of fires occurred between noon and 9 p.m. 
Automatic sprinklers were installed in 18 plants, and were of use in only 6 
because of the localized nature of the fire. Carbon tetrachloride leads the 
list of means used to extinguish fires with foam second. Carbon dioxide sys- 
tems worked satisfactorily in the two cases where called upon. Hose streams 
used in most fires that extended beyond the electrical equipment. Experience 
has demonstrated necessity for having adequate water supply to control fires 
that get beyond the scope of chemical extinguishers. Brief case histories are 
given for 22 typical electric plant fires, summarizing construction, causes, 
means for extinguishing and losses.— Homer Rupard. 


Under What Conditions is There a Fire Hazard in Storing Burned Lime? 
M. Porr. Bodenkunde u. Pflanzenernihr. 6: 119 (’37). About 3} tons of 
lump lime was exposed to rain for 1 hr. before storing in open shed with cover- 
ing of straw and sacking for addnl. protection from weather. Within 4 hrs., 
shed burned. In expts. with finely ground CaO in paper sacks, covered with 
straw and wet with hose, paper and straw were charred. Temp. rise was less 
with agriculturally ground CaO than with air sepd. builders’ CaO, but in both 
cases there is definite fire hazard with careless storage. Lab. expts. showed 
that ignition temp. of paper used in sacking CaO is 180-200°.—C. A. 


WATER SUPPLY —-GENERAL 


First Report of the Central Advisory Water Committee (British). Under- 
ground Water Planning of Water Resources and Supplies. Mui_Nne, Chairman. 
(’38). This is first report of Central Advisory Water Committee whose terms 
of reference are (a) to advise the Government Departments on questions 
relating to conservation and allocation of water resources; (b) to advise the 
Government Departments on any questions which may be referred by them to 
the Committee with respect to any matter arising in connection with the 
execution or any proposed amendment of the enactments relating to water; 
and (c) to consider the operation of the enactments relating to water and to 
make to the Government Departments such representations with respect to 
matters of general concern arising in connection with the execution of those 
enactments, and with respect to further measures required, as the Committee 
think desirable. The committee appointed three Sub-Committees to consider 
the following questions:—(a) control and conservation of needed underground 
water resources and protection of underground water from pollution; (b 
planning of water resources and supplies; (c) modernization of existing law 
relating to supply of water by Local Authorities and Water Companies. Re- 
port of the Underground Water Sub-Committee is set out in full. It recom- 
mends that new powers shall be made available for control of indiscriminate 
abstraction of water from underground in areas where such control is found 
to be necessary in the public interest; prevention of waste of needed resources; 
preservation of the purity of underground water; collection of statistical 
information. The Planning Sub-Committee’s report recommends provision 
of machinery whereby water resources of the country can be used to best 
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advantage of all concerned, by ensuring that existing sources of supply are 
drawn upon to the fullest extent practicable before new sources are developed; 
that new sources, if additional supplies are eventually required in any area, 
shall be selected and developed in the best interests of the community and 
that there is close consultation between all water interests before new sources 
are selected. The Consolidation Sub-Committee have made good progress. 
It is intended that a Consolidation Bill shall be drafted in the first instance and 
that legislation to carry out the recommendations of the other two sub-com- 
mittees shall be promoted after passing a Consolidation Bill.—B. H. 


Water. Frirz Topr. Deut. Wasserwirtschaft 33: 169 (Aug. ’38). Edi- 
torial article. Water is among most valuable of resources. It is never private 
property, but is in perpetual circulation, and if needs of all are to be met, 
control is essential. We all need water and use it, but we cannot retain it in 
our possession, we have to pass it on to be used by others in turn. Hence 
preference must be conceded to public uses of water over private. Whether 
his project be canalization, power development, irrigation, or water supply, 
the water engineer must keep in mind its effects upon the general circulating 
system of the water. Responsibility attends upon every change made in 
existing conditions, such as water-level, rhythm of run-off, or chemical composi- 
tion. Deepening a river-bed will lower the water table and may affect 
agriculture and forestry. Reservoirs alter seasonal flow of streams; they are 
constructed to benefit one set of individuals, but may be very detrimental 
to another set. Industrial and domestic wastes affect most injuriously the 
composition of the streams receiving them, to prejudice of next user, resulting 
in demand that all water users discharge it in as pure condition as when they 
receive it: thus raising legal as well as technical problems for solution and 
threatening business dislocations; with, however, certain compensatory re- 
actions, in that useful products now wasting will be recovered and turned 
toaccount. Our food supplies depend upon soil fertility and this in turn upon 
control of water. To attempt water control without taking account of bio- 
logical science would be senseless. The responsibility and wide scope of our 
task must be impressed not only upon our engineers, but also upon the people 
themselves, —the ultimate beneficiaries therefrom. This wider sense of techni- 
cal responsibility has yet to pervade the whole field of water engineering. 
Both water engineering and water control are necessities. Water engineering 
must be even more aggressive than heretofore. Agricultural needs, power 
needs, the need for more and better canals are urgent. The per capita water 
need of our people grows from year to year, a happy index of improving stand- 
ards of living. Three points to be kept in mind in planning and execution of 
water undertakings: (1) nothing should be done which would upset the equi- 
librium set up by the economy of nature; else, for some mere temporary and 
local advantage, severe and permanent mischief may ensue; (2) water belongs 
to all; when demand comes to exceed supply provided by nature, the water 
regulating authority must intervene; (3) water engineering is an art; it must 
not be confined to rule and compass work, but must keep in view landscape 
and environment. Governing principles of water control of importance to 
all water users. All are encouraged to meet and discuss in friendly fashion 
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their respective requirements thus enabling solutions to be reached which will 
conduce most to general good. Engineer’s part is to carry into effect decisions 
reached and he must not, if his work is to endure, disregard interplay of forces 
of nature.—Frank Hannan. 


The Water Control Centers (Wasserwirtschaftstellen). ScHrROoEDER. Deut. 
Wasserwirtschaft. 33: 170 (Aug. ’38). Describes the systematizing of the 
entire water economy of Germany under the Minister of Food Supply (Ernah- 
rung), now in process. The old Reich has been divided into 15 districts, each 
with its own control center. Boundaries follow’the natural divides between 
river basins, irrespective of political divisions. Closest relations being 
maintained with existing water Institutes of the individual states, especially 
with the famous Berlin Institute. First task confronting control centers is to 
assemble all necessary data with view to transforming the hitherto haphazard 
development of the Reich’s water resources into a harmonious and well ordered 
whole, so that all existing water supplies shall be used to maximum national 
advantage. As happens naturally in almost every country, so in Germany 
before ’33 water developments were, for the most part, individual enterprises, 
undertaken without regard for general public well-being. Nor can any 
objection be raised to this procedure in those more fortunate countries where 
no shortage of water is apprehended. In Germany, it is otherwise. Besides 
many districts where the present surplus of available water is but small, 
cases of actual deficiency are becoming more and more common as population 
and industry increase, Only in districts such as the Ruhr, where an acute 
water shortage rapidly developed, have large-scale measures in the public 
interest been successfully applied. Precise knowledge as to volume of water 
actually available is in many cases deficient, especially in respect to ground 
water. The numerous river improvements, drainage schemes, and dike 
systems of recent decades have one and all had the effect of accelerating dis- 
charge of rainfall into the sea, and thereby seriously depleting reserves of 
ground water and increasing destructiveness of floods. No counteracting 
activity designed to hold excess precipitation in reserve has been in evidence. 
River control as hitherto practiced has not always been judicious. When all 
data have been assembled, they have then to be made accessible by incorpora- 
tion in a report with maps attached. Every type of future development of 
the district’s water resources will be based upon this report.—Frank Hannan, 


Water Supplies in Bavaria. ANon. Z. Ver. dtsch. Ing. 82: 1262 (’38). Of 
the 7.7 mil. inhabitants of Bavaria, 61.2% live in districts which have a com- 
munal water supply, 7.6% in districts fully served by individual supplies, and 

— 18.4% in districts only partially supplied; remainder have no piped supply and 
are dependent on wells or cisterns. The rural districts, with a population of 
5 mil., form the greater part of the area served by the Bayerische Landesamt 


_ fiir Wasserversorgung. The proportion of the population in rural areas con- 


nected with a communal supply is 42%. In the Bavarian Palatinate 80% of 
the rural inhabitants are supplied, but in the less densely populated regions 
of lower Bavaria and Swabia the corresponding figures are 16% and 26% 


respectively. In these two regions the existence of numerous private supply 
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lines adds considerably to the difficulty of introducing a communal supply. 
As a general rule, the supplies are obtained from surface springs; the largest 
spring supply is that of Munich and amounts to 2.5 cu. meters per sec. More 
recently it has been necessary to draw on underground springs and to include 
ground water; such supplies are frequently used to augment the usual supplies 
in times of drought. It has not so far been necessary to utilize impounding 
reservoirs, lake or river water in Bavaria. Group supplies have been formed 
in districts where the provision of individual supplies from distant sources 
would be too costly. - In the Jura district there are 46 group supplies serving 
826 communities with total pop. of 78,700. In some cases water from the 
valleys is pumped to a height of 200m. It is proposed to set up 6 further group 
supplies to serve 15,700 people. The Rhén-Maintal group supply, dating from 
‘36, supplies 310 communities from 16 surface springs.—W. P. R. 


Drinking Water of Rouen. FE. Perrier. Ann. Hyg. publ. (Paris) 16: 316 
(38). Drinking water supply of Rouen, France, is obtained from wells at 
Fontaine-sous-Préaux and at Darnétal. Chlorination begun in ’15. 0.12-0.5 
mg. of chlorine per liter were added in the form of eau de Javel. Apparatus” 
first used to regulate the flow of this solution is described. In ’37 coagulation 
with aluminium sulfate and rapid sand filtration of water from the wells at 
Fontaine-sous-Préaux was begun. After filtration the water is treated with 
eau de Javel in quantities of 0.1 to 0.7 mg. chlorine per liter. It is necessary 
to add excess chlorine as a considerable quantity of untreated water reaches 
the aqueduct leading from the filtration plant to the town. Tables and graphs 
show the reduction in typhoid fever since chlorination was begun. It is 
proposed to obtain a further supply of water from the Seine and to treat it by 
prefiltration, sedimentation, filtration and javellization. This is considered 
preferable to construction of more wells at a distance from the town, since 
removal of iron might become necessary and since a long aqueduct is vulner- 
able in case of war.—W. P. R. 


Analyses of Rumanian Water. ANon. Inst. geol. Romaniei, Studii tech. 
econ. (Bucharest, in French) Ser. B. No. 8 (38). Analyses of Rumanian well 
and spring water, lake, river and brook water, water from oil-bearing forma- 
tions, mineral waters, and miscellaneous waters are presented in tabular form, 
with exact data on their geographical origin, geol. formation, day of analysis, 
etce.—C. A. 


The Work Accomplished by the Department of Hydraulic and Sanitary Works 
on the Public Enterprises Under its Jurisdiction. ANoN. Revista Técnica 
Ministerio Obras Ptiblicas (Venezuela) 10: 1005 (Oct. ’38). Of the 70 water 
supply systems scheduled for completion by ’41 as part of a three year plan of 
national improvements, 20 are already under construction, field and office work 
being done on 15 others, while preliminary surveys have been started on 6 
more. Effective coérdination of field and office activities has made possible 
this rapid progress. Credit is given the Water Analysis Laboratory for 
assistance rendered in the selection of suitable sources of water and the de- 
termination of proper method of treatment where necessary. Other activities 
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undertaken by the department are a project intended to bring 4000 hectares of 
land under irrigation, and the initiation of flood control and drainage work in 
various sectors of the Republic.—J. M. Sanchis. 


Water planning inAmerica. EK. Impeaux. Tech. Sanit. (Fr.) 33: 212 (Oct.’38). 
Article deals with development of adequate water supplies for Mexico City 
from 1620 to date; this has been difficult since the city is in a valley entirely 
surrounded by mountains of voleanic origin. As the city grew, recourse was 
had to large numbers of artesian wells. Recently a plan has been proposed to 
bring water, by means of a tunnel, from sources beyond the mountains to the 
south. Since these sources are 1200’ above Mexico City’s elevation some 
hydro-electric power will be obtained. Estimated that this will supply 
sufficient water for 3,000,000 people.—Willem Rudolfs. 


Residential Water Supplies and Sewerage in the Hygiene of Old Indian Cities. 
WaLTER V. BRUNN. Gas-u. Wasser. 81: 844 (Nov. 26, 738). An old civiliza- 
tion dating back three and four thousand years B.C. and showing highly 
developed sanitary improvements, has been shown in excavation on the Indus. 
Water supplies from wells, water distribution channels, covered sewers with 
connections to all houses, baths and swimming pools, toilets and garbage 
chutes were found. All structures were built with burned bricks and asphalt 
was used for isolation. The structures belong to the stone-bronze age, but 
nothing is known about the people that built them. The article is richly 
illustrated.—Maz Suter. 


WELLS AND GROUND WATER 
Standard Nomenclature of Soils and Ground Waters. Water (Netherlands) 
22: 249 (Dec. 30, ’38). Report of a committee of the Internationale Bodem- 
kundige Vereeniging. Detailed definitions of about ninety terms.—Frank 
Hannan. 


The Underground Flow of Water. A. VipertT. Génie civil (Fr.) 113: 406, 
427 (Nov. 12, 19, 38). Theory developed by the author (see abstract J. A. W. 
W. A. 30: 1896 (Nov. ’38)) is enlarged. Shown that this theory gives in its 
mathematical expression a constant value for the coefficient of permeability. 
The equations as given in the original theory cannot be integrated, and 


6. 
2 tg 5 is therefore substituted for the expression are tg @. [This introduces an 
error of about 10% for a slope of 60° and an error of 27% for 90° slope. Sub- 


stitution of 2 sin - would give less error, only 4.5% at 60° and 11% at 90°.] 


The equations for the water surfaces are developed for the cases of inflow into 
a gallery and into a well. It is shown that the water surface near the outflow 
is steeper than it is as calculated from Dupuit’s formula. Farther away from 
the well the curve takes a more uniform slope. Methods for construction of 
the curve are given. The outflow can be calculated from Dupuit’s formula, 
provided the value of the coefficient of permeability used in it is the real value 
as determined by use of Vibert’s formula.—Maz Suter. 
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Geophysical Prospecting for Ground Water. FRANK C. Fotey. No. Dak. 
Wtr. & Sew. Works Conf. Off. Bull. 5: 9:2 (Mar. ’38). The earth resistivity 
method has been used in North Dakota ground water investigation. Home- 
made apparatus described. Value of the method lies in fact that the resis- 
tivity of various strata varies. Sand and gravel show a higher resistivity 
than clay. Presence of water is not indicated. Method of procedure is to 
take readings near a well, the log of which is known and then trace out the 
course of the water-bearing strata.—P. H. E. A. 


Pollution and Exhaustion of London’s Underground Water Supply. 8S. 
BucuaNn. Wtr. and Wtr. Eng. (Br.) 40: 516 (Oct. ’38). 531 of London’s 1080 
deep wells have been abandoned in recent years owing to inadequate supply or 
pollution by salt; deterioration of lining tubes of these allowing entry of con- 
taminated water from surface gravel to underground natural reservoir. Pro- 
gressive lowering of water level in chalk under London, as much as 300’ in 60 
yrs., is taking place because flow of water from chalk surrounding London is 
too slow to keep pace with intensified pumping and because new wells and 
galleries beyond county boundary have removed water which otherwise would 
travel to London. Unless demand for underground water controlled, water 
level would fall within 35 yrs. to bottom of effective reservoir in many parts, 
brackish water would flow in from Thames and pollution ruin whole of under- 
ground supply.—W. G. Carey. ; =" 


Unusual Water Supply Scheme. ANON. Commonw. Engr. 25: 421 (’38). 
From Geol. Surv. of S. Australia, Bull. 17. R. W. Seenit ann J. R. DRIDAN. 
Summary of a report on survey of water resources in neighborhood of Eyre’s 
Peninsula (South Australia) and account of the water supply system of town- 
ship of Flinders. As result of the survey a new supply system put in operation 
in ’36. Source of supply is ground water from a basin known to extend over 
an area of 200 sq. miles in which a layer of fresh water rests upon saline water. 
Geological and hydrological work with which the first part of the report is 
concerned included an examination of wells and waterholes in the district with 
the object of finding the position of the water table, observations on the move- 
ment and fluctuations in level and salinity of the ground water, and pumping 
tests, which showed that a sufficient quantity of water was available even at 
the period, in April, of minimum level and maximum salinity when the con- 
sumption of water would be ata maximum. Area served by new supply system 
includes town of Flinders and outlying agricultural districts with total pop. 
of less than 800. 17.64 miles of 4” cement-lined iron mains convey the water 
from pumping station to main storage reservoir for the town and to outlying 
districts. Drawing given showing layout of plant and sketch of pumping 
trench. Data concerning consumption of water during six mos. operation of 
the plant are included.—W. P. R. 


2400-foot Well in Australia. ANon. ‘The Driller 13: 1:6 (Jan. ’38). A 2400’ 
deep well, 200 mi. from nearest township or railroad provides water for cattle 
on Queensland stock route. Well 8” to 200’, 6” & }” casing from surface to 
bottom, top cemented to prevent leakage, casing joint has lead seal. Well 
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flowing capac. 2 m.g.d. cut down with orifice plate to 250,000 gal. per day, 
Water 150° temp., with pressure at surface of 270’. Interesting Australian 
off-set or under-cutter bit used for drilling, has leading point which makes 
small hole, and a second off-center cutting edge on one side of the bit which 
enlarges the hole. Enables tool to go down inside casing and yet make hole 
big enough for casing to follow without reaming or driving.—Martin E, 
Flentje. 


Artesian Well Drilled in Desert. MicueL RaInEAv. W. W. Eng. 91: 1412 
(Oct. 26, 38). 1500’ deep, 12” well with 300 g.p.m. cap. supplies water to 
Ghardaia, capital of the Seven Cities of the Mozab, about 100 mi. from Algiers, 
Pop. of this city 12,000, remaining 6 cities 38,000; city has 60,000 palm trees, 
Water used for domestic and irrigation use.—Martin E. Flentyje. 


+4 ACCOUNTING, VALUATION AND FINANCE 


_ Present Views of Authority on Depreciation. H. C. Hasprouck. Edison 
Elec. Inst. Bul. 6: 523 (Dec. ’38). Depreciation authorities classified into 
four categories; Engineers, Accountants, Regulatory Commissions, Courts. 
Engineer regards depreciation as a fact; accountant records effect of deprecia- 
tion in dollars and cents, he merely amortizes long lived properties over a 
period; regulatory commissions essentially political, but in the main they 
desire to keep within the limits of sound economics with justice to investors 
and customers; courts are obviously last word on depreciation, have exercised 
true judicial caution, probably due to judges and advocates being poor econo- 
mists. Perplexing conflicts in court decisions due to negativeness of decisions. 
Emphasis of court decisions is on depreciation charges and reserves as a meas- 
ure of lost value, not the accountants’ conception, as a device for equalizing 
costs. ‘Straight line’ theory not applicable if depreciation charges taken as 
closest possible approximation to actual value loss in a given accounting 
period; if conceived as accounting convention over series of accounting periods, 
“straight line’ theory is applicable. Economists analysis of obsolescence, 
amount of lost value attributable to obsolescence, and the chargeable period 
are unpredictable. Property life insurance authorized by law in New York 

and Illinois, not answer to depreciation troubles, since companies refute that 

depreciation due to obsolescence is susceptible to actuarial determination. 

Accounting thought in England concurs in the unpredictable and incalculable 
nature of obsolescence factor. ‘‘Straight line’ depreciating accounting has 

many advantages for public utilities provided it is not implied that lost value 

is truly recorded. Recommended “Depreciation Principles and Methods’ 

report of committee on depreciation of National Assoc. of Railroad and Utili- 

ties Commissioners, presented at annual convention, New Orleans, Nov. ’38— 
Samuel A. Evans. 


Causes of Property Retirements. H.C. Davipson. Edison Elec. Inst. Bul. 
6: 519 (Dec. 38). Factual evidence of true characteristics of property retire- 
ments related to economics of depreciation accounting is needed. Situation 
of utilities not comparable to private industry either economically or conse- 
quentially from depreciation accounting policies. In utilities depreciation 
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accounting practices have effect upon values and therefore on earning power 
which have no counterpart in private industry accounting. Utility deprecia- 
tion accounting must follow closely depreciation facts more than in private 
business. Depreciation accounting different fundamentally from amortiza- 
tion, depreciation is a measure of value, amortization is only distribution 
over an adopted period. Characteristics of depreciation evidenced by experi- 
ence on retired property valuable guide in estimating unmatured depreciation 
in existing property. Development of maximum factual data first essential. 
Retirement losses over 10 yrs., ascribed to (1) physical causes, deterioration 
wear, tear, elements (2) functional causes, inadequacy, obsoleteness (3) exter- 
nal unrelated causes, public improvements, destruction, flood, storm accident. 
In actual case charge to reserve retirement of $37,000,000 was distributed, 
physical condition 13%; inadequacy, obsolescence 79%; other causes 8%. 
Depreciation accounting theories must be accepted or workable substitutes 
suggested. Authorities and companies must derive a solution acceptable to 
both. Study and research necessary for comprehensive information to use 
as basis of sound depreciation accounting practices meeting requirements of 
involved interests.—Samuel A. Evans. 

Problems in Uniform Utility Accounting. CHARLES W. Smiru. Edison 
Elec. Inst. Bul. 6: 515 (Dee. 738). Three accounting principles: (1) accepted 
principles of accounting, the school of sound philosophy and logic disregarding 
current practices as contrasted with school that depends upon usage; (2) 
needs of management; (3) needs of regulatory agencies. Prior to ’36 commis- 
sions received little vital information in reports of public utilities. Account- 
ing costs per customer have risen, partly due to modern complex organization, 
which will grow. Ray of hope lies in different theory of rate-making, as pru- 
dent investment. Uniform accounting tends to preciseness, probably no 
other course feasible. Accounting appears headed to port of ‘‘accepted 
principles consistently maintained.’ Depreciation accounting is a genuine 
problem in the publie utility field. Uniform system of accounts requires 
depreciation accounting in preference to retirement reserve theory. Large 
companies making depreciation studies. Utilities neglecting the depreciation 
problem and going to the money market 5 or 10 yrs. hence undoubtedly will 
find money costs higher. Strong sentiment in regulatory circles today making 
method of computing annual depreciation expense consistent with the method 
of computing depreciation to be deducted in determining the rate base. De- 
preciation problems most important phase of public utility accounting and 
finance at present time.—Samuel A. Evans. 


Inconsistencies in Accounting Requirements of State and Federal Regulatory 
Bodies. Henry A. Horne. J. of Accountancy 66: 303 (Nov. ’38). Article 
based on committee research. Accounting controversies and inconsistencies 
have developed, among others, on following items: original cost, capital 
stock expense, depreciation, depreciation reserves, interest and taxes during 
construction, ete. 
flicting ideas and authorities include suggestions: restore regulatory power to 
the states; limit over-riding authority of federal agencies; develop cooperative 


Opinions expressed as to what should be done about con- 
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spirit between utilities and regulatory commissions; put aside idea regulatory 
commissions must be aggressive, relentless prosecuting attorneys; take steps 
to reduce tremendous burden of record keeping and statistical compilation 
being imposed on public utilities. Pointed out by one company that yearly 
accounting costs had increased from $2.70 a customer in ’09 to $3.50 a customer 
in ’37, an increase of 30%.—Martin E. Flentje. 


Prudent Investment. JoHN Baver. Pub. Util. Fort. 21: 793 (Jun. 23, '38), 
‘Prudent Investment’’ has recently received considerable emphasis as a more 
satisfactory basis of valuation for public utility rate control than that of ‘‘fair 
value’’ developed under Supreme Court decisions. Federal Power Commis- 
sion urged Supreme Court to abandon its earlier position on fair value and sub- 
stitute prudent investment on grounds of definiteness, reasonableness, and 
administrability. President Roosevelt being a supporter of prudent invest- 
ment several utility leaders are willing to accept prudent investment to come 
to a better understanding with the national administration. Author suggests 
initial appraisal of existing utility properties under ‘‘fair value’’ rule; actual 
and reasonable cost of new property installations then added, and annual 
allowances made in operating expenses for further developing depreciation 
accumulated in depreciation reserve; property retirements deducted at book 
figures. Rate base at any time equals total of the property accounts less the 
depreciation reserve. Either prudent investment or initial appraisal on fair 
value basis may be used, provided basic concepts are clear and facts properly 
determined; latter course would involve no immediate departure for existing 
legal standards, prudent investment would raise basic legal questions. If 
prudent investment used, inventory of existing properties essential, actual 
and reasonable cost of different units and extent of depreciation. For the 
basis of an accounting rate base for existing properties prudent investment 
means the actual and original reasonable cost less depreciation. Past ac- 
counting not as reliable as assumed, gross book values greatly exceed reason- 
able actual original cost, factual determination to eliminate excess charges 
might be as difficult as a present-day appraisal on the basis of fair value. 
Existing accounts of little value for depreciation deduction, adequate depre- 
ciation provisions not made, stockholders benefited. Danger in accepting 
gross book values and inadequate deduction for depreciation in applying 
prudent investment concept. Need of continuous administration to safe- 
guard rate base against excessive capital charges. Establishment of a definite 
accounting rate base requires fundamental revision of the law.—Samuel A. 
Evans. 


Can Value Be Determined By a Slide-Rule Method? TuLtLty NETTLETON. 
Pub. Util. Fort. 23: 19 (Jan. 5, ’39). Some kind of a slide rule desirable for 
quick arrival at acceptable valuations for utility rate making purposes. U. 
S. Supreme Court by implication disposed to allow experimentation and im- 
provisation by commissions in methods of determining fair value, but terms of 
rate orders must not be confiscatory. Personnel of courts increases likelihood 
of decision favoring ‘‘prudent investment’’ valuation theory espoused by 
President. Prudent investment theory advocated by great number of state 
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and national regulatory commissions, but it is questionable whether reproduc- 
tion cost can be entirely disregarded. Present value advantageous to com- 
panies on a rising price level; consumers’ counsel prefer investment cost on 
falling price level. If usual trend of successively lower prices for forty years _ 
after major war are borne out, the arguments are in the wrong hands for future : 
benefit of users, companies will have been seeking a precedent against them- 
selves, heirs of Roosevelt administration will find prudent investment theory _ 
militating against consumers’ interests. Expensive appraisals detrimental 
in determining reproduction cost figures in present value. Supreme Court 
refused general commodity indices, left way open to develop price indices for 
specific commodities in utility construction and equipment. Justice Brandeis 
defined prudent investment as including all of the investment that had been 
made in the honest exercise of a reasonable judgment. Prudent investment 
not always fair measure of value, reproduction cost difficult to determine; 
following combination of the two urged as fair ‘‘slide rule’: reproduction cost 
calculated by indices applied to existing inventories; investment weighed in 
ratio of bonded capital, reproduction cost in ratio of stock interest.—Samuel 
A. Evans. 


Water Works Valuation from a Legal Viewpoint. Leo T. Parker. W. W. 
Eng. 92: 21 (Jan. 4, 39). Higher courts have held that establishment of actual 
value of water system requires consideration of (1) original cost, (2) expendi- 
ture for permanent improvements, (3) amt. and value of bonds and stock, (4) 
comparison of present with original cost, (5) probable earning capac. and (6) 
operating expenses. No rigid standards possible and many yrs. sometimes 
req'd to settle rate cases. Cases and opinions bearing on valuation establish- 
ment, and rates based theron, given.Martin E. Flentje. 


Pennsylvania Public Utility Commission. Re Latrobe Water Company. 
Commission Order. Pub. Util. Fort. (Jan. 5, ’39) P. U. R. 26: 42. Latrobe 
Water Company, petitioner, engaged in collection and distr. of water in West- 
moreland County. All capital stock, $250,000, owned by holding company, : 
one of system of companies. Petitioner sought commission approval for loan | 
from parent company for plant additions, improvements, replenishment of 
capital. Parent company in acquiring control of petitioner acquired out- 
standing 7% notes payable. Parent company did not reduce interest on notes 
consistent with present economic conditions, has not foregone collection of 
interest monthly, and has not attempted to fund indebtedness into low rate 
bonds in present favorable market. Commission disapproved application, 
ordered petitioner to put financial house in order; capital would then be avail- 
able. Petitioner should withhold payments of interest and principal to 
parent company until adequate amount of its dissipated working capital is 
recouped. Additional small working capital should be obtainable from local 
bankers.—Samuel A. Evans. 


RATES AND RATE DETERMINATION 


Main Public Utilities Commission. Portland Water District v. Itself. 
Order of the Commission. Pub. Util. Fort. (Dec. 8, ’38) P.U.R. 25: 367. In 
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the town of Gorham, 19 individuals received water free predicated upon allow- 
ing water company right-of-way over their land to lay and repair pipe line. 
Water District complained against itself and parties receiving free water that 
such service was discriminatory. Original contracts between individuals and 
water company executed about 1880, present individuals either lessees or heirs 
of original land owners. Commission ruled that agreement providing right- 
of-way grant for free water service to the landowner was discriminatory, there- 
fore illegal. Present owner and water customer must pay established rates 
when he has not been assigned any rights. Agreement between water utility 
and customer for other than regular rates void without approval of Commis- 
sion. Agreement for free water service between utility and landowner ter- 
minates upon decease of landowner, unless grant of rights to heirs. California 
Commission has held perpetual right to free service cannot be carved out of a 
supply dedicated to public use. Original agreements held purely personal 
contracts, terminating upon decease of landowner.—-Samuel A. Evans. 


West Virginia Public Service Commission. Re Clarksburg Water Board. 
Commission Rulings. Pub. Util. Fort. (Jun. 23, ’38) P.U.R. 23: 257. In- 
vestigation of rates, rules, and regulations of a municipal water utility; rate 
reduction and elimination of discrimination ordered. Clarksburg Water 
Board created by charter, power to fix and charge rates subject to control by 
West Virginia Public Service Commission. Board not filing annual report 
with commission, latter sent its own auditors to examine account books. 
Municipally owned waterworks system, may assess higher rate against cus- 
tomers without corporate limits, but rate must be just, reasonable, non- 
excessive and nondiscriminatory. Rates, to be lawful, must be based on cost 
of service. Municipal owned plant allowed reasonable latitude in fixing rates; 
if unjust, unreasonable, discriminatory, will be regulated; Water Board and 
city have no common law prerogatives, subject to legislative enactment by 
statutes, therefore cannot exact revenue beyond requirements for reasonable 
operating expenses, bonds, ordinary improvements and replacements. Pay- 
ment for major installation of larger pipes for fire protection from current 
revenues disapproved; lacking assurance of premium reduction it benefited 
insurance companies first, property owners second; life of pipe greater than of 
customers; installation should be paid for by funded obligation over a period 
of years. Usual maintenance and ordinary and minor replacements met 
through operating expense, major replacements were paid through average 
annual investment in fixed capital, therefore no separate allowance for depre- 
ciation. Flat rates condemned, should meter all customers; install meters at 
rate of 400 per year. Payment of 15% more by customers without corporate 
limits not unlawful discrimination. Board ordered to file revised rate schedule 
effectuating a saving to its customers, failure of Board to file rate schedule, 
Commission will take appropriate action.—Samuel A. Evans. 


Pennsylvania Public Utility Commission v. Marion Heights Water Company. 
Order of the Commission. Pub. Util. Fort. (Nov. 24, 738) P.U.R. 25: 285. 
System consists of approx. 14,000’ of pipe, 2” to 6”, serving about 400 consumers 
and 22 fire hydrants. Company purchases metered water, and its service is 
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be unreasonable and excessive initiated by Commission upon its own motion. — 
Accrued and annual depreciation by 4% sinking fund method approved by the 1 
Commission. An allowance for the cost of water purchased for resale equiva- 
lent to the cost during last period of record, properly protects the utility com-_ : 
pany for this fluctuating operating expense, since, in a properly maintained a 

and metered water supply system, excluding extraordinary circumstances, 7 
the relation of increased cost of water purchased for resale will be met by in- 
creased revenues. Charges for maintenance of a water distribution system 
are not normal or proper, when largely brought about, by reported consumer | 
sabotage, or meter tampering, following installation of meter service. Econ- | 


omies resulting from initiation of meter service should not be dissipated in | 
the creation of unwarranted additional employment or additional salaries _ 
without need therefor. Annual retainer for legal services disallowed and a | d 


specific allowance stipulated. Return allowance of a water utility was com- 
puted at 6% on reproduction cost new. An estimate of a proper fire protection 
charge is arbitrary and not proper or equitable, when based upon an assump- 
tion that a former charge for fire protection service was equitable and that no 
portion of improvements of distribution system could be assigned to domestic 
service requirements, if the construction work did improve both fire and 
domestic service. Use of excess plant method for determining fire protection, 
charges, involving creation of a hypothetical system for domestic service, and 
determination of the difference between reproduction cost of such system and 
the entire system, should be restricted. Fixed capital allocated between 
fire protection service and other service by allocating small mains, service 
connections, meters, tools, equipment, and furniture to other service and 
hydrants directly to fire service; transmission main and larger mains approxi- 
mately half to each. Allocation of annual depreciation in same manner. 
Overheads allocated, in apportionment between fire service and other service, 
by making organization and promotion, engineering, administration during 
construction and interest during construction proportionate to allocated 
totals of fixed capital items excluding office furniture, tools and other equip- 
ment: approximately 20% to fire service, balance to other service.—Samuel 
A, Evans. 


The Private Fire Line Problem—An Equitable Solution. A.T.Coox. W. | 
W. Eng. 91: 1534 (Nov. 23, ’38). Benefits derived from sprinkler systems in 
bldgs. has led to rapid increase in installations; in general insurance rate for 
sprinklered bldg. approx. } of rate without sprinklers. Justice of charge for 
private fire service by water dept. bitterly contested, has resulted in no stand- 
ard method of charges. Charges may be those fixed by a Commission at flat 
rate, or set up in some manner by city owned systems. Rules suggested for 
solving private fire line problem are (1) have customer pay entire cost of fire = 
service installation including meter; (2) make annual $5 charge for inspection, | 
testing, ete.; (3) read meter monthly and bill for water used.—Martin BE. 
Flentje. 


Sprinkler Charges. Anon. W. W. Inf. Exch., Canadian Sect., A. W. W. A. 
2: B: 10:39 (Oct. 38). Sprinkler system charges in 12 Canadian municipalities 


are listed. Charge per sprinkler head varies from 3 to 10¢ per annum. In | 
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7 several instances, charge varies with no. of heads. In other cases, the connec- 
tion is metered or flat annual charge of $15 to $75 per sprinkler system is 
made.—R. E. Thompson. 


Charges for Private Fire Hydrants. ANon. W. W. Inf. Exch., Canadian 
Sect., A. W. W. W. 2: B:9:38 (Oct. ’38). The charge per hydrant per yr. in 
the 20 Canadian communities for which data are given varies from $1 to $60,— 
R. E. Thompson. 


e: ‘gi Charges for Water Service Outside the City Limits. ANon. Public Manage- 

ment. 20: 339 (Nov. ’38). Recent survey by A. W. W. A. shows that most 
cities charge from a small percentage to 100% extra for water sold to retail 
customers outside city limits. In general, state utility Commissions have no 
control over water rates. Exceptions are Ill., Ohio, Miss. and Wis. General 
agreement among municipal officials that out-of-town customers should pay 
part of capital charges as well as cost of delivering water. Cities that collect 
taxes to help support water system may justly charge a higher rate to outsiders 
than cities that do not.—M. N. Baker. 


Flat Water Rates—Business Purposes. Anon. W. W. Inf. Exch., Canadian 
Sect. A. W. W. A. 2: B:6 and 7:26 and 29 (Oct. 7388). Continuing data given 
previously, tabulations are given in Sect. Topic No. 6 showing rates charged 
in various Canadian municipalities for bakeries, butcher shops, barber shops, 
laundries, restaurants, soda fountains and dentists’ offices. Rates and the 
bases on which charges are made vary widely. Sect. Topic No. 7 consists of 
lists of rates for miscellaneous business purposes.—R. E. Thompson. 


Minimum Water Bills. ANon. W. W. Inf. Exch., Canadian Sect., A. W. 
W. A. 2: B:11:40 (Oct. ’38). A compilation of the percentage of metered con- 
sumers using less than the min. amount of water allowed for the billing period 
in 59 Canadian communities. Percentage varies from 0 to 90 and averages 

about 26.—R. E. Thompson. 


Sewer Rental Methods and Experience. ANON. Concrete Highways and 
Pub. Imp., Port. Cem. Assn. 19: 5:6 (Sep.-Oct. ’38). Data for 92 cities in 17 
states. Ill. leads with 15 cities; Tex. has 13; Ohio, 10; Penna., 8; Kan., 7; 
Va., Ind., Neb.,6each. None reported for New England, Rocky Mt. or Pacific 
States. Five largest cities (’30 census): Buffalo, 573,000; Toledo, 291,000; 
Dayton, 201,000; El Paso, 102,000. Smallest on list, under 1,000. First cost 
of sewerage and sewer treatment systems met by revenue bonds in 49 and 
partly so met in 7 cities; in 30 not so met; for 6, no report. All listed cities in 
Ill., Ind., and Kan. use revenue bonds. Sewer rental based on water consump- 
tion in 42 of 92 cities but in 5 cities flat rates also charged. Buffalo charges 

65% of capital and operating expenses of sewers and sewage treatment against 
real estate and 45% against users. Flat rate rentals charged in 25 cities; in 
23, based on number of fixtures. Billing done monthly in 39 cities; quarterly 
in 23; semi-annually in 3; annually in7. Delinquents in paying bills generally 
few; 9 report none; 39 under 10%; 9, 10%; one each, 12, 20, 25 and 30%. Pro- 
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testors against rental plan, few and generally acquiesce on explanation of first 7 
bill. Of $143,000,000 bond sales reported for ’37 by State and Municipal 
Compendium, $956,500 were sewer revenue and $7,783,000, water revenue type. 
It should be recognized that property is benefited by sewerage systems even 
if not connected. Close cooperation between water and sewer departments 
will permit billing for both from one office. In billing, most general method 
is a statement showing separately amounts for water and sewer service. 
Article reproduces bill used by De Pere, Wis., payable at water works office: 
gives water meter reading and charge for water, sewage treatment fixed charge 
and also service charge, metered and unmetered water, penalty for unpaid 
bill, grand total. If current bill not paid by 15th. of month, 25¢ added; if not 
paid by 25th., water shut off and not turned on until $1 paid. [Sewer rentals 
used in a few cities for many years. Use stimulated by recent increase in num- 
ber and efficiency of sewage treatment plants with resulting augmentation of 
capital charges and operating expenses; also by federal PWA aid, with empha- — 
sis on revenue-producing works. These and other factors have given rise to 
the revenue type of municipal bond (see abstract, J. A.W. W.A. 12: 2083 (Dec. 
’38)). Logical basis for charging for use of sewerage system is the amount of | 
water consumed on the premises, with some allowance for water not reaching © 
the sewers. If meters used, this is simple. If not used, a percentage of the 
flat rate or fixture charges for water is as rational for one as the other. Over 
40 yrs. ago F. Herbert Snow, then City Engineer of Brockton, Mass., proposed, : 
and Brockton adopted, a plan of charging for use of sewers on basis of water _ 
consumption. That, however, was only part of Snow’s well-considered plan 
for financing a sewerage system. (See ‘‘Report of the Sewerage Commis- 
sioners upon a Sewer Tax for the City of Brockton, transmitting the report 
of the City Engineer upon the subject of Sewer Assessments.’’ City Doc., » 
Brockton, Mass., 1894; abstracted at length, Eng. News 1894, II, 229.) Snow’ s 
complete plan ine leded putting part of first cost of the sewerage system upon a 
city as a whole and part as a benefit assessment on real estate. (See also 
“Symposium on Sewer Assessments,’’ led by Snow, with discussion by Allen | 
Hazen, F. P. Stearns and others, Jour. Assoc. Eng. Soc. Jan. ’97)]|.—M. N 
Baker. 


Sewer Rental Laws in Michigan. Gro. H. SAaNDENBURGH. Sew. Wks. J. 
10: 482 (May ’38). Michigan’s new law passed in '33 has proven feasible and — 7 
superseded an act of ’27 which had never been used. 13 of the 73 Mich. cities 
operating sewage disposal plants are financing these plants by sewer rentals, : 7 
and of 11 cities reporting 10 use water consumption as basis for sewer rental. — 

In general the rental charge is based on water consumption during winter | 
months, attempt being made to base charges on actual amount of water going 7 

to the sewers. At Ann Arbor, Mich., sewer revenues are about half the city — 
water costs.—Condensed from P. H. E. A. YY: an 


Combating the Effects of Winter Weather on Waterworks Systems. Ross 
L. Dopsin. Eng. Cont. Rec. 61: 49:12 (Dec. 7, ’38). Discussion of problems — 
involved in winter operation of distr. systems, as illustrated by difficulties | 
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encountered in Peterborough, Ont., during winter of ’33-34, which eclipsed all 
records for severity since 1896. Frost penetrated to depth of 6-7’ in gravel 
containing large stones under pavement: in absence of pavement, penetration 
was about l’ less. In sand or clay, max. penetration is estimated at 5’. From 
Feb. 8 to Mar. 31, 459 services were thawed, 61 calls being received on single 
day. Thawing done electrically, using 2 trucks equipped with transformers, 
As many as 28 services thawed in 10-hr. day by one outfit. Actual time of 
current flow was 2-3 min. in most cases. Lead services took longer than iron, 
and leadite joints in mains increased time required for thawing. Two leaks 
developed, both in lead services where leather washer had been used in flanged 
joint at curb cock. One water meter connection was burned off for similar 
reason. Three 4-6” mains were frozen at dead ends: each required 3 hrs.’ 
current flow for thawing. In one of these cases, 6” joint at hydrant bend was 
perforated. Leadite joints gave rise to formation of hydrogen sulfide during 
thawing which vented through services into basements of adjoining houses. 
Considerable difficulty experienced with dirty water following thawing of 
mains. About 40 of the 325 hydrant leads were frozen. Hot water and salt 
was found effective remedy, but in most cases treatment had to be repeated 
every 2 days. Hydrants which had been re-set after trouble experienced in 
20, lowering the leads and installing vertical pipes of large diam. under bases 
to conduct warmth from 8-10’ lower down, gave no trouble in ’33-34. Lower- 
ing of services is only means of preventing freezing: they should also be re- 
moved from vicinity of catch basins for surface drains, which conduct cold to 
great depths. Main freezing can be prevented by eliminating dead ends and 
thus securing circulation. Total cost to dept. was about $1700, including 
additional pumpage caused by some 600 services being allowed to run con- 
tinuously, using extra 0.9 m.g.d. (more than 25% of total pumpage). Cost of 
thawing services averaged $2.39 each, exclusive of cost of equipment and 
power (power used was entirely off-peak).—R. E. Thompson. 


Thawing Frozen Services and Mains by Electricity. J. E.GeRMANN. Pub. 
Wks. 69: 12: 27 (Dec. ’38). Writer has had no difficulty thawing out lead, 
copper and iron pipe; services require from 3 to 60 min. time, mains longer 
period. Uses 10 kva. step-up transformer on 220 volt line to give voltage of 
2300, then 2-73 kva. transformers to give 40 volts, approx. 300 amp. current. 
[For convenience in making connection to power lines of either voltage.| 
One end of circuit connected to pipe, other to hydrant, faucet, etc. Used 0000 
wire for connections. Further suggestions by F. J. Hirner concern use of 
standard welding generator which has been found very practical. Con- 
nection made to each side of frozen section as near to freeze as possible. Type 
and size of pipe detns. amperage to be used, amt, recommended varies from 
70 amps. for }” pipe to 500 for 6”. Cautions include: using welding cable; 
passing no current through water meter; making sure gas piping is not con- 
nected to water pipe; if thawing service, disconnecting of lead-in electric 
switch and radio ground.—Martin E. Flentje. 


Winter Liabilities. Leo T. Parker. W. W. Eng. 91: 1648 (Dec. 21, 38). 
A review of several late law cases showing liability to injuries on streets, 
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sidewalks, alleys, ete. Ice from leaking mains or hydrants may make city 
liable for damages, but municipality is not held to liability of an insurer of 
the safety of its streets, but only to the exercise of ordinary care and due 
diligence. Municipality or private water corp. may be held liable in heavy 
damages caused by negligence of officials or employees; injured must however 
prove facts.—Martin E. Flentje. 
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Replacing An Active Main in Winter. CHARLES BropBeck. Pub. Wks. 
69: 10:11 (Oct. °38). Decatur, Ind. W.P.A. project of replacing an existing 
4” main (750 under brick pavement) with 6” in middle of winter presented 
unusual difficulties. Removing brick and digging trench aided by fire in 
15’ length culvert tubing. Pulling out 100’ lengths of pipe with loaded coal 
truck straddling trench worked successfully. Every effort made to have 
little interruption of service; new Universal pipe tapped dry in shop to fit 
service locations. Freezing of services prevented by flooding trench where 
necessary to stand open overnight.— Martin E. Flentje. 


Maintaining a Distribution System in Northern New England. James A. 
SweENEY. J. N. E. W. W. A. 62: 318 (Sep. ’38). Experiences and recom- 
mendations gained from operation of Manchester, N. H., water dep’t. given; 
pop. 80,000, area served approx. 40 sq. mi. and includes part of 5 adjoining 
towns; system has over 11,000 services and 192 mi. of mains. Reservoirs 
should be fenced; wire fence preferable to wood. Res: must be cleaned oc- 
easionally and any sludge removed. Dead ends should be flushed twice 
each yr. All mains since ’33 laid under 6’ cover to prevent freezing. In 
past few yrs. approx. 75 new services laid each yr. and 400 old replaced; 75% 
of trouble caused by lead goose necks leaking. Mains not troublesome but 
should not be laid too close to stone or ledge. River or brook crossings must 
be properly laid, if in stream bed should be completely beneath natural bed 
level. Tapping and drilling for Alemite grease cup on some gate valves with 
pressure gun greasing helped gate valve up-keep. Hydrants require fre- 
quent inspection in cold climate. Curb boxes tamped into place each spring. 
Meters must be protected against frost.— Martin E. Flentje. 


Water Towers in the Netherlands. F. A. Ligerrinckx. Eng. News-Rec. 
121: 709 (Dec. 1, ’38). In Holland, a relatively flat country, there are about 
200 elevated tanks: about 100 have been built in past 15 yrs. Approx. half 
the tanks are in connection with district supplies, which serve large and 
populous rural areas. There are practically no elevated steel tanks on steel 
supports: from earliest times preference has been given to water towers, 
closed structures of more or less monumental design containing one or more 
tanks. In lowest water towers, tanks were generally of steel: in later yrs., 
reinforced concrete has been used almost exclusively, due to high maintenance 
cost of steel and requirement of pleasing appearance. Steel tanks were gen- 
erally of Intze type, bottom consisting of combination sphere and cone. 
This design eliminated horizontal components of load on supporting shaft, 
built of brick and masonry, but frequently resulted in somewhat top-heavy 
appearance. Reinforced concrete especially appeals to those who despise 
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unnecessary ornamentation and stress desirability of having a structure ex- 
press its task and function. Majority of modern water towers in Netherlands 
have one or more tanks of reinforced concrete, supported by columns of same 
material, whole more or less enclosed in brick shell. Great variety of shades 
of brick available provides additional means of architectural expression, 
Functional parts are not always visible from outside, which in some quarters 
is regarded as dishonest and therefore bad architecture. Unoccupied space 
underneath has always been challenge to designers. Pumps, purification 
equipment, living quarters etc., have been housed therein, and in several 
instances observation platforms have been provided for tourists. In design 
of water towers, collaboration between engineer and architect has usually 
proved most satisfactory. Competitions among architects for designs com- 
plying with technical requirements of waterworks’ engineer have been tried 
frequently. Six examples of water tower design are illustrated by photo- 
graphs.—R. E. Thompson. 


Vibrations in Concrete Water Tanks. DerANS. Carper. Eng. News-Ree. 
121: 767 (Dec. 15, ’38). Results of measurements of vibration periods in 
reinforced-concrete water tank in Sacramento are outlined briefly and dis- 
cussed. There are 2 similar tanks in Sacramento, each with capacity of 
3 mil. gals. and diam. of 144’. Floors of tanks are 70’ and 77’, respectively, 
above ground and each is supported on 44 columns arranged in 3 concentric 
circles. (See J. A. W. W. A. 30: 402 (Mar. ’38)). During observations, wind 
velocity of about 5 m. p. h. was probably sole cause of vibrations. Dominant 
period, probably the fundamental period of structure, was found to be 0.29 
sec., irrespective of water level in tank. Amplitudes (max. displacements 
from rest position) at point 88’ above ground level ranged from 4 to 12 mil- 
lionths of 1”. Very roughly, amplitude ratios were 7:5:2.5 at 88’, 45’ and 
ground levels, respectively. Most striking, was difference in reaction of 
elevated steel (observed previously) and concrete tanks. Periods, with tanks 
empty, are about same but amplitudes in steel tanks are 20-100 times those 
in concrete tanks. Periods of steel tanks when full are about 3 times the 
periods when empty. Reason for this difference in behavior is discussed 
briefly.—R. E. Thompson. 


Plants and Products of the Blast furnace and Foundry Undertakings of the 
Deutsche Eisenwerke. VON FRANKENBURG. Atti Ing. Lombardia (Milan) 
17: 389 (Nov. ’38). Paper presented July 8, ’38 before Eng. Soc. of Milan. 
Brief historical and technical outline. This company represents a recent 
fusion of interests of 8 large separate concerns, with origins dating back in 
some cases to early years of the 19th century. It thus becomes the largest 
foundry business in Europe, employing upwards of 17,000 hands and turning 
out castings from 200 tons in weight down. The constituent firms have all 
along played leading parts in Germany in one or other of the tremendous 
advances achieved in blast furnace and foundry practice, such, for instance, 
as: the change from wood charcoal to coke about 1850; the full utilization 
of blast furnace and coke oven gases, gradually achieved, but initiated by 
Adolf Wirtz; the Koppers regenerative furnace; duplex coke ovens; the work 
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of Thyssen; Burgers’s innovations; slag cement and slag wool; elimination 
of zinc in the blast furnace and its subsequent recovery; benzene recovery 
from coal; and strict and continuous laboratory control throughout. Cast 
iron pipe first made in 1884 at the Gelsenkirchen works which has ever since 
maintained a leading place in Europe in this business. Centrifugal castings 
were made there first in ’16: a special foundry for this class of work was es- 
tablished in ’26. About 10 years ago the same firm introduced the well known 
non-rigid joint [Halberg] now supplied by all the leading German makers. 
In this joint, the bell end is internally threaded, engaging a nipple which fits 
somewhat loosely upon the smooth spigot end and is screwed home to com- 
press a rubber ring which imparts tightness to the joint. For many purposes 
this joint is found superior to the rigid lead joint. A fairly full account is 
given of more recent developments wherein by very carefully conducted super- 
heat treatment on the lines laid down by Wuest, Hanemann, Piwoworsky, 
and others, the strength and other desirable properties of grey iron castings 
have been enormously increased. The very remarkable ‘‘silbereisen’’ and 
“migraeisen’’ of the Friedrich-Wilhelmshiitte, Miilheim-Ruhr, are described 
in some detail, as to their manufacture, properties, and practical applications. 
The various points under discussion are brought out with admirable clearness 
by the numerous tables and illustrations.—Frank Hannan. 


New Materials for Pipe Lines. WitHELM Drospex. Gas-u. Wasser. 81: 
772 (Oct. 29, °38). Tests of pipes made from German raw materials are de- 
cribed. These materials are: (1) Mipolam, a polyvinylchloride, (2) porcelain, 
(3) Neoresit, a polymer made from phenol or cresol and formaldehide and 
(4) glass. Construction of the connections between pipes is shown in detail, 
although there is no successful connection for neoresit. All pipes require 
absence of torsional stresses. Mipolam is about the most usable, but it 
cannot be used for hot water, as it gets plastic at temperatures from 70° to 
80°C. Its bursting strength was found to be at from 24.5 to 34.0 lbs. per 
sq. in. Mipolam pipes can also be used underground. Porcelain pipes can 
only be used in the fabricated lengths, but may be of importance in laboratories, 
hospitals and certain industries. Glass pipe requires very careful handling 
and installation.—Maz Suter. See also abstracts in J. A. W. W. A. as follows: 
29: 2054 (Dec. ’37), 31: 155 (Jan. ’38). 


Cast-iron Pipe for Water, Gas, and Sewage. British Standard Specifica- 
tions. ANON. Surveyor (Br.) 94: 379 (Sep. 30, 38). A revised and con- 
siderably enlarged edition of British Standards No. 78, Cast-iron Pipes for 
Water, Gas, and Sewage, has recently been published; previous revision 
appearing in 17. Some of the outstanding features of the new issue include: 
new bell design, which is interchangeable with the old; an increase in the 
range of standard special castings; and amendments to methods of testing 
cast iron. Weights of the new standard specials are to be published in a 
subsequent supplement.—H. E. Babbitt. 


High-Duty Cast Iron. ANon. Surveyor (Br.) 93: 877 (Jun. 24, ’38). Re- 
cent issue of British Standards Specification No. 786 (1938) marks firm es- 
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tablishment in engineering practice of class of cast iron known as high-duty, 
Cast iron, produced by the ‘‘mechanite’’ process has been used in pressure 
‘astings for valves and related hydraulic equipment. There is complete 
absence of shrinkage and porosity at change of section, and freedom from 
internal strain and crystal weakness. Tensile strength can be varied within 
controlled limits. Modulus of elasticity higher than that of grey cast iron 
and consequently stiffness of valve structure is considerably increased. Re- 
cently a 4” valve with wall thickness of 3” withstood pressure of 2,900 lb. before 
bursting. Further modification of the process increases resistance to cor- 
rosion and to erosion. The process does not increase the cost of the metal, 
H. E. Babbitt. (See also following abstract.) 


 -High Duty Cast Iron. Anon. Wtr. and Wtr. Eng. (Br.) 40: 385 (Jul. '38). 
This article further states that ‘‘Meehanite’’—‘‘has a matrix substantially 
the same as 0.80% carbon entectic steel in which are evenly distributed, 
finely divided, non-continuous graphite particles. This matrix is sorbo- 
pearlitic, that is, it appears as a very fine laminated granular structure of 
cementite and ferrite.’’ This is apparently the same material as that refer- 
red to in the preceding abstract, although the name is spelled differently in 
the two articles.—Ed. 


The Durability of Steel and Cast-Iron Mains. L. Osrpowicz. Gaz i 
Woda (Poland) 17: 406 ('37). C.i. water main laid in medium of old rubbish, 
ashes and organic matter showed little corrosion after 27 yrs.’ service, whereas 
steel pipe, in use only 10 yrs. and isolated with tarred jute, was completely 
corroded. C.i. gas main in service in sandy soil for 38 yrs. showed no cor- 
rosion except scales at ends where it had been joined with Pb. After cleaning 
it was relaid.—C. A. 


Leakage Tests on Newly Laid Water Mains. ANon. Pub. Wks. 69: 10:31 
(Oct. ’38). While methods differ, 70% of iarge number of cities detn. leakage 
on newly laid mains, as established in editorial survey. Most common method 
is to turn water into line before backfilling and observe if joints leak. If 
test pressure approx. 50% above normal used and leaky joints under this 
condition repaired little danger exists of leakage after pipe placed in service. 
Permissable leakage usually stated in gal. per day per in.-mi. of pipe,—limits 
vary from 60 to 120 gal. or 480 to 960 gal. per mi. per day with 8” pipe. Meth- 
ods of testing departing from usual, and allowable leakages used in number of 
cities given. Air used in some cases.—Martin E. Flentje. 


Earthing to Water Mains. H. W. Swann. Wtr. and Wtr. Eng. (Br.) 
40: 641 (Winter ’38). For many years water supply systems have experienced 
corrosion troubles. Stray electric currents are included among the possible 
causes. Joint committee of the Inst. of Electrical Engineers and the Met- 
ropolitan Water Board formed in ’26 drafted some rules which were never 
adopted. In Mar. ’36 the Inst. of Civil Engineers set up a sub-committee to 
study the problem and make recommendations. In ‘38 these recommendations 
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were adopted. (See J. A. W. W. A. 31: 47 (Jan. ’39).) Author reviews the 
necessity for electrical grounding and the effect of stray direct currents on 
pipes, and claims that a.c. has only 0.05% of the electrolytic effect of d.c. 
(One per cent is the figure often accepted in the U.S.) Partial rectification of 
a.c. is a phase of the problem which has to be investigated. Galvanic couples 
resulting from dissimilar metals or electrolytes may also play a part. Radio 
frequency currents and interference suppressors have a negligible effect. 
Heavy stray currents can result from unbalanced currents in connection with 
electric hot water heaters. Multiple grounding also results in substantial 
stray current on pipes. Failure of the insulation on the electrical system may 
produce large stray currents on pipes but these should be of short duration 
if the fuses or circuit breakers perform their intended function. If the fault 
does not operate the overload devices, then the stray current may persist on 
the pipes for an indefinite time. In the new British regulations, Clause 1 pre- 
cludes a water pipe ground connection from the neutral conductor in order to 
prevent heavy current inter-changes over the pipes. [It appears from this 
that the British practice omits the grounding of the neutral conductor at each 
house service. Inthe U.S. the neutral is grounded at each service.] Clause 
2 is a reasonable precaution. Clauses 3 and 4 provide for water works and 
electric approval of grounding devices, their location and method of attach- 
ment. Clause 5 requires bonding around water meters. Clause 6 calls for 
jointly supervised tests by either the water works or the electrical people. 
Author concludes with statement of the three lines of British research now in 
progress: (1) Aggregate leakage currents; (2) The possibility of partial 
rectification of a.c.; (3) The possibility of primary cell generation in water 
pipe systems. Author expresses opinion that while the problem will be found 
very complex, cooperative action and conclusions based on facts rather than 
conjecture should afford mutually satisfactory remedial measures even if 
research shows the possibility of injury to water mains under certain condi- 
tions. These measures need not affect the general electrical safety which 
results from the privilege of earthing to water mains. In the discussion it 
was pointed out that with ball valve tanks, galvanic action between the ball 
and the galvanized iron tank was possible and that pitting of these tanks was 
noticed where filings or particles of metal produced by cutting or enlarging 
the riser pipe hole in the tank were left in the bottom of the tank.— Charles 
F. Meyerherm. 


Preventing Electrolysis of Three Forks’ Distribution System. F. fF. PALMER. 
Pub. Wks. 69: 11:15 (Nov. ’38). Three Forks, Mont., experienced unusual 
corrosion troubles due to presence of ‘‘hot spots’’ (localized spots containing 
comparatively high cone. of alkali) and stray currents caused by electrified 
Milwaukee Railroad traversing city. In laying new distribution system 
protection secured by providing adequate drainage of currents from pipe 
system was chosen over protection by coatings and cathodic devices. Drain- 
age accomplished by copper bonding with old pipe with its apparent estab- 
lished good contacts left in place, approx. 3000’ of 10” being left in a swamp 
and 700’ of 6” along railroad.—Martin E. Flentje. 
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LABORATORY EQUIPMENT AND METHODS 


London’s New Water Examination Laboratories. ANoN. Surveyor (Br,) 
94: 407 (Oct. 14, 38); The Engr. (Br.) 166: 431 (Oct. 21, ’38); Engineering 
(Br.) 146: 502 (Oct. 28, ’38); Wtr. and Wtr. Eng. (Br.) 40: 583 (Dec. ’38), 
See also New Laboratories for London. JounS. Trevor. W. W. Eng. (N. Y,) 
92: 14 (Jan. 4, ’39). Great Britain has always been among the foremost 
in the matter of water quality and her reputation is largely due to the Metro- 
politan Water Board which provides water for some 8 mil. people who consume 
about 391 m.g.d. (Imp.). Works include 48 storage reservoirs with capacity 
of 19.66 bil. gal. (Imp.) in addition to 95 service reservoirs, There are 169 
slow sand filters, supplemented by 63 primary filters and 12 mechanical filters, 
There are 290 pumping engines with aggregate of 58,112 hp. Distribution 
system includes 8,151 mi. of pipe. Plans for the future involve expenditure 
of about 6 mil. pounds sterling for various improvements. Laboratory staff 
of 43 makes over 40,000 water analyses annually, more than any other labora- 
tory in the world. The new laboratory building, slightly curved in plan, 
is an attractively designed, brick structure, with three stories and basement. 
Each floor except the top, has an area of about 7,500 sq. ft., the top floor 
having half as much. Basement contains boiler room, air conditioning 
equipment, store room, cold rooms, and a few small laboratories; ground 
floor contains offices, biological, and bacteriological laboratories; second 
floor has bacteriological and biological laboratories; and top floor chemical 
laboratories only. Temperature control rooms are used in place of incubators. 
Every known service has been installed, including: high pressure water from 
two separate supplies; softened water; hot water; compressed air; vaccuum; 
high pressure steam; low pressure steam; distilled water; a.c. and d.c. elec- 
tricity ; gas; conditioned air; anti-vibration devices; central heating; refrigera- 
tion and cooling; hot controlled-temperature rooms; internal and outside 
telephones; and others. The laboratories are most desirably laid out with 
every thought for future as well as present requirements for mass performance 
in water testing. Bacteriological examination includes determination of the 
coliform group index, and detection of presence of specific pathogenic or- 
ganisms. Study of control of microscopic organisms has recently been in- 
tensified, involving the making of more than 22,000 photographs. Mineral 
constituents having direct bearing on algal growths as well as hardness are 
determined. Control tests are made to aid in filtration and sterilization. 
Research on prefiltration has resulted in the installation of a number of dual 
filtration plants. In ’07 the standard of purity was 74.3%. By ’37 it had 
been raised to 99%.—H. E. Babbitt. 


Sterilization by Central Heating Systems. Grirarp. Technique Sanitaire 
(Fr.) 32: 37 (Feb. ’37). Eight methods of sterilization are recognized by 
the French pharmacopocia: (a) Gas or spirit flame: heat object to redness or 
pass it slowly through flame. (b) Hot air oven at 160°, 1} hrs., or (c) same, 
2 hrs. at 120°. (d) Holding aqueous solution at the boiling point for 20 min. 
(e) Immersion for 20 min. in boiling water, with a little sodium carbonate 
added for metallic objects. (f) Heating in a steam-jet at about 100° for 
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30 min. (g) Autoclaving for 15 to 20 min. at 110°-120°. (h) Heating to 60°- 
65° for one hr. on 3 consecutive days, never allowing temp. meantime to fall 
below 15°. Water is sterilized by (d) or (g); glass or porcelain by (b), (e), 
(f) or (g); cotton, wool or filter paper by (c); solutions and emulsions, by 
(d), (f), or (g), or else if high temperatures not admissible, by (h); powders by 
(b), (c), or (bh); and unguents, pomades, glycerin emulsion, paraffins, etc., 
by (c), (f), or (h). The article proceeds to describe an automatic apparatus 
for large scale supply of sterile water for surgical use, etc. Also described 
are electric stills for distilled water and constant temperature hot air sterilizers 
and incubators.—Frank Hannan. 
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Efficiency of Steam Sterilizers. H. R. Risuworrns. Brit. M. J. p. 574 
(Sep. 10, ’38). Inquiry made as to whether the common method of pressure- 
gage control and the system of timing the period of sterilization are satis- 
factory. Reading of the pressure-gage often taken as guide to the internal 
temperature of the sterilizer, but it is pointed out that the residual air may 
prevent an efficient temperature being obtained. From tables given it can 
be seen that temp. of 242°F. with gage reading of 15 lb. is only possible in a 
chamber in which the air pressure has previously been reduced by 22” of 
mercury, a figure which is more than double the capacity of the av. steam- 
ejector mechanism for a single working. In addition to the effect of residual 
air, the time factor is also important for it will be some appreciable time after 
the gage reaches the desired pressure before the whole mass of dressings 
attains required temperature. Devices used for insertion among the dressings 
as indicators of temperature are not always reliable nor can they show the 
precise moment at which the desired temperature has been reached. Two 
ways of dealing with the problem are mentioned. In the Underwood or 
gravity discharge system use is made of the fact that air is heavier than 
steam. Throughout period of sterilization, the exhaust pipe placed at the 
lowest part of the chamber is kept very slightly open to allow air and some 
steam toescape. In spite of this escape a pressure of 10 lb. and temp. of 240°F. 
can invariably be obtained. The other method of dealing with the problem 
is by direct thermometric control. Relative merits of the two systems are 
discussed.—B. H. 


Water Turbidity Measurement. Emintio Ducav. Bol. Obras Sanitarias 
Nacion (Buenos Aires) 2: 246 (Sep. ’38). After investigating available pro- 
cedures, the Jackson method was adopted by the O. 8. de la N. Laboratories 
for determination of turbidities above 25 p.p.m. Author has replaced the 
standard candle by an electric bulb operated by a 6 volt battery. The bulb 
is calibrated in a photometric bench to determine the amount of current 
necessary to produce light intensity of one standard candle. In operation, 
current reaching the bulb is read on a milliammeter, and it is controlled 
means of a 30 ohm rheostat. The bulbs selected operate with about 300 
milliamperes. A turbidimeter similar to that described by Baylis [W. Wks. 
and Sew. 80: 4:125 (Apr. ’33)] has been adopted for turbidities smaller than 
25 p.p.m.—J. M. Sanchis. 


= % 
r.) 
ng 
st 
me 
ity 
69 
rs. 
on ee 
ire 
aff 
it. 
or 
ng 
nd 
nd 3 
al 
rs. 
ym 4 
de 
th 
ce 
he 
n- 
re 
n 
al 
id 
re 
or 2 
e 
n. 
te 
or 


[J. A. W. W. A, 


ABSTRACTS 


A Method for Examining Suspended Matter in Estuaries and Rivers. L, 
GLANGEAUD. C. R. Acad. Sci., Paris 206: 1667 (’38). The suspended matter 
in the water of the Gironde estuary varies in four ways; rapid variations 
due to turbulence, daily variations due to the tides, irregular variations 
due to floods, and seasonal variations. Apparatus is described for deter- 
mining av. content of suspended matter over a period of 10 min. Water is 
pumped from the river through a pipe on which is fixed a horizontal cylinder 
which is kept parallel with the direction of the current at any desired depth, 
200 liters are raised in about 10 min. and are discharged into a vessel with a 
conical bottom. From this vessel the water flows through a series of four 
cylinders of increasing diameter and then to a cylinder with a capacity of 315 
liters. Only very small suspended particles reach the last cylinder. After 
standing for 24 hours the sediment in each cylinder is dried and weighed, 
and the colloids in the final cylinders are precipitated. By this means the 
total weight of suspended matter and the proportions of particles of different 
sizes are determined.—W. P. R. 


Jupax Continuous Water Sampler and Inspection Device: An Apparatus 
for Inspecting and Sampling Liquids. JuLian G. Patrick. Chemist Analyst 
27: 70 (Oct. ’38). Apparatus described which may be employed for drawing 
an almost continuous sample at rates varying from few drops to several gals. 
per day. Device consists of: (A) 12-liter aspirator bottle inverted (‘‘bottom” 
in description therefore refers to neck-end) equipped with (B) adjustable 
siphon tube passing through rubber stopper in bottom of A and extending up, 
outside bottle, to level of D (below) and returning to level below bottom 
of A, where it discharges to waste; (C) tube from supply line to be sampled 
entering through side opening of A and extending almost to bottom of latter 
to provide constant agitation; (D) sampling tube with constriction, jet or 
regulating clamp on discharge end, also extending through side opening of A, 
which receives liquid momentarily overflowing from A at siphoning point; 
(E) vent or breather on C to permit rapid siphoning and prevent drawing of 
sample from D back into A; and (F) sample vessel for receiving water passing 
through D. Steady full stream is allowed to flow through C and volume 
caught in F is regulated by frequency of siphoning and the constriction or 
regulator on D.—R. E. Thompson. 


A Multiple-Compartment Petri Dish. (Published only in abstract). H. 
L. Fruirman. J. Bact. 36: 266 (Sep. 38). A pyrex glass petri dish has been 
designed with 5 compartments separated by rounded baffles (radial spokes) 
which prevent spreading, diffusion, and media skidding. Max. streaking 
surface and ease of cleaning are obtained by use of sloping floors and rounded 
fillets. Same amount of time is required to pour agar plates with the new 
as with the ordinary dish with which it is interchangeable. Outer lower 
circumference of dish is sand-blasted for penciled history. An annular ring 
limits medium level to 3 mm. which provides firm streaking surface and re- 
quires but 10 cc. medium for entire plate. On the bottom are impressed 
clock-wise indices. On the rim are coordinated markings. First compart- 
ment has a quick reference point. The multiple-compartment dish saves 
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media and aids in developing good streaking technic. During epidemics, 
the number, bulk, and expense of dishes and media can be curtailed consider- 
ably.—Ralph E. Noble. 


The Advantages of Tungsten Wire for Streaking-Needles. (Published 
only in abstract), H. L. Fruirman. J. Bact. 36: 267 (Sep. ’38). A 4-yr. 
study indicates that tungsten wire is the most suitable material from which 
to make streaking-needles. It possesses the desired qualities of high-heat 
conductivity and transfer, max. resistance to oxidation and fatigue, and 
proper rigidity and elasticity. Over 30,000 tubes during 4 yrs. have been 
streaked with a tungsten wire which is only just beginning to show fatigue. 
c.p., cleaned and annealed, tungsten wire (Gen. Elec. Co.), 22 gage, is cut to 
desired size, held lengthwise in hot part of wing-tip flame (600°-1100°C.) 
until incandescent, then quickly plunged into a sat. sol. NaCl. A yellow 
oxide forms. The wire is repeatedly heated to incandescence until all oxide 
and rough flakes are burned off, then plunged into salt sol. Wire takes on a 
permanently shiny black surface. It can be bent into shape before or after 
processing, but should be bent in slow stages while hot. ‘To streak a set of 
5 tubes with a wire made of tungsten required 57 secs; platinum, 111; nichrome, 
stainless steel, and chromel, 108. To become incandescent, tungsten required 
1.4 sees; nichrome, 2; platinum, stainless steel, and chromel, 3. When wires 
were flamed 3 secs. (wing tip used), cooling times (no steam or sizzling when 
thrust into water at 30°C.) were: tungsten, 6 secs.; platinum, 17; nichrome 
and chromel, 14; stainless steel, 12.—Ralph E. Noble. 


A New Type of Needle-Holder. (Published only in abstract). H.L. Fruir- 
MAN. J. Bact. 36: 267 (Sep. ’38). Anyone who does much streaking has 
noticed a good deal of hand fatigue. A new instrument has been designed, 
made of Al or its alloys, chosen after careful consideration of heat conduc- 
tivity and weight. The design is functional. The needle-holder is as com- 
fortable in use as a favorite pen and weighs but 20 grams. Its construction 
follows: A rod, 3” diam. x 7” length, is tapered gradually from the nose 
to }” diam. at rear tip. A ¥;” hole is drilled into rod for half its length. The 
nose is threaded to receive a 2-piece hollow clamp consisting of a 4-prong 
interlocking jaw-piece and a circular contractor nut. The jaw-piece is hollow 
to allow for adjustable needle length, and rear end is slotted to facilitate 
removal of clamp. Holder is machined at 1” intervals to provide a series of 
encircling concave finger grips. This allows 4 positions, from a close tight 
pencil hold to a sketch-brush position. Each position has 3 individ. grooves 
(for thumb and fingers) that are ribbed or knurled. Thus, a firm grip is 
afforded with a min. of effort. The rear tip is handy for plugging cotton. 
-Ralph E. Noble. 


Color Comparator Tubes with Moving Levels of Liquid. K.Srunpi. Int. 
Rev. Hydrobiol. 37: 119 (’38). A new type of comparator tube for use in 
colorimetric analysis is described. Solution to be tested is placed in straight 
tube and the standard solution in a modified U-tube of which one arm is 
straight and is the same size as the first tube. The other arm is connected 
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- at the top to rubber tubing and a device for controlling the pressure in the 

- arm. The level of the liquid can thus be varied until the density of color 

matches that of the solution being tested. Examples of the use of the tubes 
are given.—W. P. R. 


A Spectrophotometric Study of Certain Neutralization Indicators. W. B, 

Fortune with M. G. Metion. J. Am. Chem. Soc. 60: 2607 (Nov. °38),. 

Transmittancy curves were obtd. with a photoelectric spectrophotometer 

: for indicator systems of 3 diff. types: simple (methyl orange, ethyl orange, 

methyl red, and bromcresol green, each separately); modified (methyl orange 

, and methyl red modified with xylene cyanol FF and methylene blue, respec- 

= tively); mixed (equal parts of methyl red and bromcresol green). Curves 

are given showing characteristics of absorption bands in visual region at 

diff. pH values. From data obtd., colorimetric specifications aré given for 
selected curves of several of above indicators.—Selma Gottlieb. 


i Measuring Instrument for Judging the Ability to Detect Odors. W. Wacer- 
- NAAR. Chem. Weekblad 35: 618 (’38). App. consists of glass (or metal) 
tube 3.5 cm. in diam. and 25 ecm. long, one end being shaped to fit nostrils 
and other fitted with metal closure through center of which a rod extends 
into tube. End of rod nearest nosepiece is fitted with device to hold block 
of pumice or grog that has been impregnated with alc. soln. (1%) of substance 
to be examd. Rod is graduated every 2 em., lines being numbered from 
1 to 10, latter nearest nosepiece. Beginning with the impregnated block 
as far from nose as app. will permit, rod is moved one graduation at a time 
until odor is detected and the no. of the graduation is recorded. Graduation 
at which odor is recognized, usually one graduation from first value, is also 
recorded. Substances used in tests are PhCHO, camphor, oil of cloves, 
mustard oil, oil of geranium, oil of peppermint and vanillin, or mixts. of these. 
Using app. as described, perfect score would be 70. About 50% of large 
group of individuals examd. scored more than 55: about 5% had av. score 
of 60. In general, women are more sensitive than men, probably because 
they use tobacco and alc. beverages less. Men who used chewing tobacco 
made especially low scores.—C. A. 
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A Comparative Study of Methods for the Detection of the Coli-Aerogenes 
Group in Water. Nancy Arkinson AND E. J. F. Woop. Australian J. 
Exper. Biol. & M. Sci. 16: 103 (38). Working at Melbourne, authors com- 
pared a number of media, including lactose broth containing 1% Andrade’s 
indicator, MacConkey broth, crystal violet broth, the Dominick-Lauter 
medium, and a synthetic medium containing lactose, asparagin, and brom- 
cresol-purple, for use in the presumptive coliform test with Victorian drinking 
waters. Most sensitive medium found to be lactose broth, and with this 
medium plating revealed coliform organisms in greater numbers than with 
any other. As has been found in Great Britain and India, MacConkey’s 
broth yielded fewer presumptive positives than lactose broth, but in contra- 
diction to experience in these countries attempts to confirm the presence of 
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coliform organisms in presumptive positive MacConkey tubes frequently 
failed. In other words, MacConkey’s broth, like lactose broth, was often 
subject to false positive reactions. Again, MacConkey’s medium was found 
to be inferior to eosin methylene blue agar for confirmatory plating. In a 
series of 614 tubes tested, coliform organisms were demonstrated by plating 
on MacConkey agar in 277 and on e.m.b. agar in 296. E.m.b. agar had ad- 
vantage of inhibiting growth of non-lactose-fermenters to a greater extent 
than MacConkey agar. In practice they recommend the use of lactose broth 
for primary inoculation of the water. Confirmation of tubes giving acid 
and gas within 24 hrs. is regarded as unnecessary. Tubes in which acid and 
gas formation is delayed for 48 hrs. should be plated on e.m.b. agar. [It 
seems clear that waters in Victoria behave very differently from the majority 
of waters in Britain, and the experience of the authors should be regarded, 
at present, as having a local rather than a general application.|—B. H. 


The False Positive Reaction in the Presumptive Test for Esch. coli in Water. 
Nancy ATKINSON AND E. J. F. Woop. Australian J. Exper. Biol. & M. 
Sei. 16: 111 (38). During the examination of waters in Victoria false positive 
reactions in lactose broth, MacConkey’s broth, and other media were fre- 
quently encountered. Analysis of these revealed three different causes. In 
one type the false positives were due to a synergic reaction involving two 
different organisms, one of which produced acid but not gas from lactose, 
the other of which produced acid and gas from glucose. Of 112 false positives, 
84 were of this type. The organisms most frequently involved were Bact. 
coli anaerogenes and Proteus; less often Str. faecalis and Proteus were com- 
bined. The second type was due to anaerobes of the Cl. welchii group in as- 
sociation with a Gram-negative bacillus of the Proteus group. The latter 
organisms lowered the O-R potential to a level at which anaerobic growth 
could occur. Of the 112 false positive reactions, 24 were of this type. The 
remaining four were due to a third type of false positive referred to as a 
“masked positive.’ Coliform organisms were present, but were overgrown 
on the plates by Proteus. The type of false positive reaction due to the 
presence of aerobic spore-bearers capable of fermenting lactose with the 
formation of gas, such as has been noted in the United States, was not found. 


B. H. 


Most Probable Number Results of Esch. Coli in Water Analyses at Cin- 
cinnati. EK. B. EVANS AND DANIEL EnriGutr. Ann. Rept. Ohio Conf. Water 
Purif. 17: 54 (37). The ‘“‘most probable (M.P.N.) method of expressing 
density of coliform bacteria in water is discussed and tabulations are 
given of values obtained at different sampling points in Cincinnati purifi- 
cation plant, expressed as “indicated no.’’ and M.P.N. For greatest accuracy 
and to permit comparison with results obtained elsewhere, dilutions should 
be made in multiple proportions within range of most frequent bacterial 
density. If M.P.N. method of expression is adopted, comparison with past 
“indicated no.”’ records cannot be made unless latter are converted to M.P.N. 
values by examining original fermentation tube results. Formula and pro- 
cedure used in calculating M.P.N. values is given, together with tabulations 
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of M.P.N. values for various fermentation tube results. Wider use of M.P.N, 
method is advocated.—R. E. Thompson. 


A Synthetic Medium for the Differentiation of Esch. Coli from Aer. Aero- 
genes. C. Peretur. G. Batt. Immun. 17: 841 (’36); Bull. Hyg., London 
12: 378 (37). A modification of the Koser-Simmons medium is used. 2 
grams of agar are dissolved in 100 ce. of distilled water and heated in an auto- 
clave. 0.25 grams of sodium citrate is added and shaken until completely 
dissolved. 0.5 ce. of 1% picric acid, 2 ce. of 0.2% malachite green and 0.5 
ec. of 1.5% alcoholic solution of borothymol (?bromothymol) blue are then 
added. The mixture is distributed into tubes or plates without sterilization. 
Esch. coli does not alter the color of medium but Aer. aerogenes turns it blue 
within 24 hours at 37°C.—W. P. R. 


The Incubation at 44°C. as a Means of Ascertaining the Presence of Esch. 
Coli. Raut FerramMoua aNp Jose JuLio MonTEVERDE. Bol. Obras Sani- 
-tarias Nacion (Buenos Aires) 2: 265 (Sep. 38). Review of literature on use 
of higher incubation temperatures for the differentiation of Esch. coli and 
Aer. aerogenes is followed by discussion of experimental results obtained 
by the authors. Eosine methylene blue plates were seeded with suspensions 
of animal droppings and incubated at 37°C. for 24 hrs. Typical colonies were 
then transferred to peptone water and incubated at 37°C. for a few hrs. Suit- 
able media for determination of M. R., V. P., citrate and indol reactions, 
_ were inoculated with the peptone water and incubated at 37°C. MacConkey’s 
sodium taurocholate broth was also inoculated with the peptone water and 
incubated at 44°C. Temperature of incubation was rigidly maintained by 
immersing the tubes in a water bath kept at 44°C., + 1°C., by means of a 
sensitive thermostatic control. Of 750 strains isolated, 747 were M.R. +, 
_V.P. —, citrate —, indole +, and 742 showed acid and gas production in 
~MacConkey’s media within 48 hrs. The percentage of MacConkey’s broth 
positives in 24 hrs., was 97.3 of the total in 48 hrs. Authors believe that 
the results obtained indicate the possibility of establishing the presence of 
Esch. coli in a fraction of the time needed by the conventional procedure 
now employed.—J. M. Sanchis. 


Note on Estimating Bacterial Populations by the Dilution Method. R. D. 
Gorpon. Proc. Nat. Acad. Sci. 24: 212 (’38). Several tables have now been 
published for estimating the probable number of organisms in a bacterial 
suspension counted by the dilution method. Among these are the tables 
prepared by Halvorson and Ziegler (’33), in which the estimations were made 
in accordance with Fisher’s ‘‘criterion of maximum likelihood.’’ These 
estimates involve use of model values. Present author regards the geometric 
mean to be more suited than the mode, and has accordingly developed formulas 
which allow computation of this value. No complete series of tables has 
been prepared, but in the limited number of instances in which the values 
have been calculated they were found to differ by 7-9% from those of Hal- 
vorson and Ziegler. [Considering the enormous sampling error of the dilu- 
tion method of counting, it is very doubtful whether such small deviations 
are likely to be of any practical importance.|—B. H ~~ 
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The Growth of Coliform Bacilli in Water. J. W. Biccrer. J. Path. Bact. 
44: 167 (37). Found that when Dublin tap water was autoclaved and inocu- 
lated with a strain of coli-aerogenes bacteria isolated from human feces the 
numbers of bacteria usually fell at first and then increased to a maximum 
which might be more than 10,000 times the number added. The numbers 
then decreased and might increase again. Same phenomenon also observed 
in tap water from other places. When the water was used without treating 
it in an autoclave growth was not so great though some high counts were 
observed, especially at 37°C. The water could also be made to support 
growth by heating for an hour at 60°C., filtration through a Pasteur-Chamber- 
land filter, submission to a partial vacuum, and treatment with absorbent 
materials such as kaolin, charcoal or powdered material from a Chamberland 
filter. The nutrient material present in the raw water must therefore be 
sufficient to support the growth of the bacteria, as very little is introduced 
during inoculation. This nutritive material can be dried and treated with 
ether and alcohol without destroying its power of supporting the growth 
of coliform bacilli. Calculated in terms of nitrogen the substance is more 
efficient as a nutrient medium than peptone. The inhibition of growth in 
untreated tap water is probably due to presence of carbon dioxide, and the 
waves of growth are believed to be due to alternative accumulation and dis- 
sipation of inhibiting substances such as carbon dioxide.—W. P. R. 

Distribution of Organisms of the Coli-Aerogenes Group in the Droppings of 
Some Argentinan Fowls. RK. FERRAMOLA AND J. MONTEVERDE. Bol. Obras 
Sanitarias Nacion (Buenos Aires) 1: 611 (Jun. ’38). This study was under- 
taken for the purpose of obtaining data which would assist in interpretation 
of bacteriological findings in routine examination of surface waters and those 
Technique used for isolation and study of fecal 
organisms was as follows: An eosine methylene blue plate was seeded from a 
suspension in sterile water of the droppings investigated. After 24 hrs. incu- 
bation at 37°C., about 20 colonies were fished from each plate and transferred 
to peptone broth tubes. Following a 4 hr. incubation period at 37°C., trans- 
fers were made into suitable media for the indol, methyl red, Voges Proskauer, 
citrate and gelatin liquefaction tests. Of the 500 organisms isolated, 240 were 
obtained from sparrow droppings, 100 from those of pigeons, 100 from seagulls 
and 60 from ‘‘vigud.’’ These organisms were classified in accordance with 
standards of the British Ministry of Health as follows: 99.6% of the bacteria 
ay from “ss feces belonged to the Esch. coli fecal type I (+ indole, 
—~V.P., +M.R., — citrate, — gelatine liquefaction in 5 - at 20°C.) and 
0.4% to the = aerogenes type II (+ indole, + V. P., . R., + citrate, 
— gelatine); those from the pigeons were agar Esch. coli shee type I and 2% 


from uncovered reservoirs. 


Aer. aerogenes type I (— indole, + V. 


— M. 


R., 


+ citrate, 


— gelatin); 


the organisms isolated from sea gulls were © 16% 


Esch. coli fecal type II (— indole, — V. P., + M. R., — citrate, — gelatine) 
and 2% Intermediates type II (+ indole, V. *y + M. + citrate, — 
gelatine); and of those isolated from the ‘‘vigud,’’ 100% belonged to the Esch. 
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that the high number of aerogenes and intermediate organisms found at times 
in reservoir waters were the result of contamination by fowls.—J. M. Sanchis, 


Isolation of Organisms of the Coli-Typhoid-Dysentery Group from Turtle’s 
Eggs. A. BraGa. Bol. Soc. Brasileira de Med. Vet. 7: 453 ('37). On the 
Amazon the eggs of a small turtle, known as tracaja [scientific name not given] 
are used by the local inhabitants for food. From five of these the author 
isolated Bact. typhosum once, Esch. coli twice, Bact. (Escherichia) leporis onee 
and Bact. equirule once.—B. H., 


The Isolation of Bact. Typhosum from Water. G. BUONOMINI ANp 8, | 
Leccuini. Boll. Instituto Sieroterap. (Milan) 17: 318 ('38). Different med 
and different methods of isolating typhoid bacillus from water were compare 
Authors worked with samples of water that had been lightly contaminated tv 
or more days previously with artificially inoculated feces. As result of the 
investigations, they recommend following procedure to be carried out on 
sample of 3-4 liters of water: (a) Filter 1 liter through a porous candle, incuba 
the candle in Miiller’s broth for 12-24 hrs. at 37°C., and plate out on to Wils« 
and Blair’s medium. (b) Transform 3 liter of water into ordinary broth ar 
4 liter into Miiller’s broth, incubate, and plate out on Wilson and Blair’s m 
dium. (c) Precipitate a liter of water with calcium phosphate, and inoculat 
the deposit directly on to 5 or 6 plates of Wilson and Blair’s medium. TI 
composition of Wilson and Blair’s medium was modified in the following wa: 


100 


The sulfite-bismuth mixture prepared as follows: 100 cc. of 20% sol. of anhy- 
_ drous sodium sulfite mixed with 50 ec. of Liquor bismuthi, and boiled till 
abundant white precipitate formed; 10 grams of dry dibasic sodium phosphat 
added. When solution was cold 50 ec. of 20% glucose sol. added. Mixture 
_ keeps well for a long time at atmos. temp. This formula said to simplif 
preparation of the medium. It may be noted that direct inoculation int 
_ ~ Wilson and Blair’s broth was less satisfactory than into Miiller’s broth.- 
P. R.z 


Improved Technique for Isolating Typhoid Bacilli. Cuas. R. TYLER AN 
~ CAROLYN OLDENBUSCH. Quarterly Bull. City of N. Y. Dept. of Hlth. 6:1 

- (Feb. 38). Brief history of technique used for typhoid isolation in N. Y. Cit 
- Diagnosis Laboratory. Conclusion is reached after examining over 2800 
specimens using brilliant-green agar media, Endo media, and a slightly modi 
fied Hajna bismuth sulfite media, that the greater number of positives wer 
obtained in 48 hrs. by the last named media. Recommended that both surface 
inoculated and poured plates be used for isolation of colonies.—P. H. E. A 
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